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CHAPTER-I 
INTRODUCTION 
Mythologically the present location of Delhi was not 
considered favourable for human settlement, Mahabharata shows 
how the environment of this inhospitable Khandava prastha was 
modified through the process of irrigation, cultivation and planting. 
Successive empires in Delhi have been very careful in managing 
the meagre environmental resources. Innovative techniques were 
employed to moderate the harsh climate to make it more habitable 
whenever an emperor like Mohammed Bin Tughlak wanted to defy 
the dependence on natural system, the settlement failed as did 
Tughlakabad. The Mughals mastered the art of handling the water 
resources to the maximum advantage. The British tried to moderate 
through foliage and planting. Thus, Delhi inherited techniques of 
water management and land scaping, both of which are historic 
environmental heritage. The exploitation of natural resources never 
exceeded its regenerative capacity. Consumption of non-renewable 
resources was infinitesimally small compared to the vastness of its 
storage. Today the rate of consumption is greater than the rate of 
regeneration, posing threat to the ecological cycle. 
Delhi is alleged to be the most pampered city and receives 
the most favoured city status from the government, the 
management of Delhi's environment has not achieved even the 
minimum standards in the maintenance of the quality of natural 
endowments such as air, water and land. Naturally, it is necessary 
to understand the status of natural environment, their rate of 
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depletion, the capacity to regenerate, so that environmental paradigms for future 
development could be established. Although, the environment sciences cover a 
wide field ranging from physical, natural and biological sciences to humanities, 
aesthetics and other socio-economic aspects affecting the living kingdom, the 
present study, deals with the chemistry of surface water and soils of the river 
Yamuna. The prime objective is to collect the base line data in order to assess the 
changes in environmental conditions and extent of pollution of the river Yamuna in 
the union territory of Delhi. The present study may serve only as a base line for 
future research workers in the field of environmental Geology. 
It is a well known fact that despite the most planned city, Delhi has 
earned the dubious distinction of being among the most polluted cities of the 
world. This has seriously compromised Delhi's ability to effectively function as 
Nation's capital. 
With all the efforts to decentralize population and activities from Delhi, 
the fact that most of the problems of Delhi yet remains unresolved. The present 
study is an attempt to appraise the growth of the city amidst the depleting 
environmental and physical resources and formulate some guidelines which may 
be able to arrest the trends. 
The NCT of Delhi possesses the most central and strategic position in 
Indian subcontinent. Located between 28M7'17" - 28''53'00 north latitudes and 
76''54'24" - 77°20'37" east longitudes, the territory is largely situated on the 
western bank of the river Yamuna, the other side being protected by the ridge. 
The city commands the gateway to fertile Indo-Gangetic plains and holds an 
unrivalled strategic location in the country (Fig. 1). The NCT of Delhi occupying 
an area of 1485 sq.km (Fig. 2) has six administrative blocks (Fig. 3) namely. 
1. City(470km2) 
2. Alipur(259km=) 
3. Kanjhawala (275 km-) 
4. Najafgarh (253 km=) 
5. Mehrauli (149 km=) 
6. Shahdara (79 km=) 
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extending nearly 40 km north-south and east-west. The territory 
has mean elevation of 216 mts. above M.S.L. 
The urban area including the new settlements in rural 
habitations account for about 496 sq. km. As per 1991 census, the 
population of Delhi was 93.7 lakhs which by 2001 is expected to 
be over 100 lakhs, besides a floating population of 3 to 4 lakhs is a 
common feature of the territory. According to a recent survey, 
more than 50% of Delhi's population lives in about 1304 
unauthorized colonies, 1080 J.J. clusters 44 resettlement colonies 
and 209 rural villages. Based on the present water availability Delhi 
has less than 15% of its own water resources to meet the needs, 
the bulk of the water supplies come from neighbouring states. 
The area is bounded by several industrial estates falling in 
neighbouring states which covers an area of about 2200 sq.km 
within a radius extending to 125 km from Delhi, defined as the 
National Capital Region and fall in priority towns of Meerut, 
Hapur, Bulandshar and Khurja of U.P., Panipat, Rohtak, Rewari, 
Dharuhera and Palwal of Haryana and Alwar and Bhiwadi of 
Rajasthan. The river Yamuna is the only perennial river flowing in 
the territory and eastern and western Yamuna canals taking off 
from Okhla are the three major canal systems originating from the 
river Yamuna in the study area (Fig. 4). 
The river Yamuna, a major tributary of river Ganges 
originates from the Yamnotri glacier near Banderpunch peaks 
(38°59'N-78'*17' E) in Mussorrie range of the lower Himalayas at 
an elevation of about 6320 mts. above mean sea level in district 
Uttarkashi, Uttaranchal Pradesh. 
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Arising from the source, river Yamuna, flows through series 
of valleys for about 200 kms in lower Himalayas and emerges into 
indogangetic plains. In this stretch of 200 km it draws water from 
seven major streams namely Rishi-Ganga, Unta, Hanuman Ganga, 
Tons, Giri and Ahsan. The combined stream flows through the 
Shivalik range of hills of Himachal Pradesh, Uttar Pradesh and 
enters into plains at Dak Patthar in Uttaranchal Pradesh. Where the 
river water is regulated through weir and diverted into canal for 
power generation. 
From Dak Patthar, it flows through the famous Sikh religious 
place of Paonta Sahib and reach Hathnikund/Tajewala in Yamuna 
Nagar distt. of Haryana, where the river water is again diverted 
into western Yamuna and eastern Yamuna canals for irrigation. 
During dry season, no water is allowed to flow in the river 
downstream from Tajewala barrage. 
The river remain dry in some stretches between Tajewala 
and Delhi. The river regain water because of groundwater accrual 
and contributions of feeding canal through Som nadi (seasonal 
stream) upstream of Kalanaur and enters Delhi near Palla village 
after traversing a route of about 224 km. 
River Yamuna supports an estimated 57 million people who 
are dependent upon the river for domestic purposes and livelihood. 
Apart from this, it supports several industrial activities along its 
banks. 
However, the Yamuna river water quality is constantly 
deteriorating from the last few decades due to unchecked pollution 
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from human and industrial activities. In addition to this, the 
pollution in river Yamuna further adds to the pollution intensity of 
the river Ganges since, it is one of the major tributaries of this 
river. In order to mitigate the above stated problem, Government 
of India has taken several measures to control pollution in river 
Yamuna. One of these measures is to assess the river water quality 
through two automatic water quality monitoring stations. These 
stations are located at Haiderpur on western Yamuna canal (WYC) 
and at Wazirabad on river Yamuna. 
The river is again trapped at Wazirabad through a barrage for 
drinking water supply to Delhi. Generally no water is allowed to 
flow beyond Wazirabad barrage in dry seasons as the available 
water is not adequate to fulfil the demand of water supply of Delhi 
alone. 
Whatever water flows in the down stream of Wazirabad 
barrage is the untreated or partially treated domestic and industrial 
wastewater contributed through 16 drains along with the water 
being transported by Haryana irrigation department from Western 
Yamuna Canal (WYC) to Agra canal via Najafgarh drain and the 
Yamuna. After 22km. downstream from Wazirabad barrage there is 
Okhla barrage through which the Yamuna water is diverted into 
Agra canal for irrigation. No water is allowed to flow through this 
barrage during dry season. Whatever water flows in the river 
beyond Okhla barrage is contributed through domestic and 
industrial wastewater generated from east Delhi, Noida and 
Sahibabad and joins the river through Shahdara drain. The Yamuna 
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i) 
ii) 
iii) 
iv) 
Segment-1 
Segment-2 
Segment-3 
Segnient-4 
after receiving water through other important tributaries joins the 
river Ganga at Allahabad after traversing a distance of about 1376 
kms. The Yamuna river, thus, can not be designated as continuous 
river particularly in dry seasons (almost 9 months) but can be 
segmented in four distinguished independent segments. 
Yamunotri to Tajewala barrage 
Tajewala barrage to Wazirabad barrage 
Wazirabad Barrage to Okhla barrage 
Okhla barrage to Ganga confluence 
at Allahabad 
i) Segment-1 (length 172 km) - Yamunotri to Tajewala 
barrage:-
The major source of water in this segment are glacier 
streams. 
ii) Segment-2 (length 224 km) - Tajewala barrage to Wazirabad 
barrage:-
> 
This segment receives water through groundwater accrual 
and some river tributaries. The segment ends up into Delhi's water 
supply system. Sometimes the water is also added in this segment 
through drain no. 24B from WYC to augment the flow of the river 
in order to fulfil the raw water demand of Delhi. 
iii) Segment-3 (length 22km) - Wazirabad barrage to Okhla 
barrage:-
The segment receives water through Delhi's sewage drains 
(16 drains) and also from WYC and upper Ganga canal via 
Najafgarh drain and Hindon cut respectively. This river segment 
ends into Agra canal which is used to augment its flow for 
irrigation in Haryana and U.P. in the down streams. 
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iv) Segment-4 (length 958kin)- Okhia barrage to Ganga 
confluence at Allahabad :-
This segment receives water from Shahdara drain, Hindon 
river and groundwater accrual. The untreated wastewater from 
Vrindavan-Mathura and Agra are added to the flow of the river 
Yamuna in this segment. 
The famous city of Agra and Mathura refinery are drawing 
their drinking and industrial water from the Yamuna river in this 
segment. The major input of flow in this segment is through 
Chambal river near Etawah in U.P. and subsequently Sindh, Ken 
and Betwa rivers. Two more barrages are under construction in this 
segment, one at Gokul ghat near Mathura and other near Sikandra 
at Agra. These barrages will further sub-divide the river into more 
segments. 
The head waters of Yamuna river are formed by several melt 
streams, the chief of them gushing out of the morainic snout at an 
altitude of 3255m, 8 km north-west of Yamunotri hot springs at the 
latitude 31° 2 r i 2 " N and longitude 78026'10" E. The total length 
of Yamuna river from its origin to its confluence with the Ganga at 
Allahabad is 1376 km. 
The origin of river Yamuna is predicted during the Post Mid-
Miocene age. From Mid-Miocene to the recent ages, the river 
Yamuna was constituent of the Indus system and sent its water to 
the Arabian sea. In the sub recent age it has become a tributary of 
Ganga due to subsidence in the Ganga delta and tilting uplift of 
Sutlej Yamuna divide. 
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CHAPTER - II 
PHYSIOGRAPHY AND DRAINAGE PATTERN 
Physiography play a vital role in determining the 
environmental quality of any region. The Aravalli ranges which 
provide Delhi a distinct physiographic character that makes it an 
ecologically sensitive area from environmental view point. 
The ground levels in the Yamuna basin vary from about 6320 
m. above MSL near the Yamunotri glacier to around 100 m above 
MSL near the confluence of river Yamuna with the river Ganges at 
Allahabad. The present study area in the Yamuna is in the plains. 
The ground levels in the study area varies from 275 m. above MSL 
at Tajewala to about 216 m. above MSL at Delhi. 
The NCT of Delhi comprises almost flat plain land with 
clusters of sand dunes in the south-western part and a long rocky 
ridge extending roughly from north-north east to south-south west. 
The plains on either side of this ridge slope away from it. The 
Yamuna river which enters from the north eastern edge passes 
through the Shahdara block and marks the south-eastern boundary 
of the territory. Physiographically the NCT of Delhi is 
characterized by Piedmont plain, old flood plain, Yamuna Khadar 
and the Aravalli ridge. The physiographic conditions of the territory 
are mainly influenced by the river Yamuna and Aravalli range (Fig. 
5). The general slope is from north to south, whereas it is from east 
to west in the southern part of the territory. The Delhi ridge is the 
last spur thrown out by the Aravalli towards the plains of northern 
India. This reaches near the bank of Yamuna river at Wazirabad 
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village, and runs parallel to the river encircling the walled city. It 
extends towards the western part of New Delhi and further towards 
Qutab and Mehrauli, where it throws out numerous branches, some 
of which extend towards, Gurgaon district and others push eastward 
again towards river Yamuna. 
One of the highest spur supports the Tughlakabad Fort. The 
ridge runs in south western direction with its surface gradually 
rising from the Mutiny Memorial on the ridge. After some 
discontinuity, it reappears near Sadar Bazar. Near Munirka it has 
two branches, one extending in the south-west direction towards 
Gurgaon and other passes through Mehrauli. The southern part near 
Mehrauli and Tughlakabad is called 'Kohi'. It is a rocky region 
surrounding the hill out growth. Total area of this zone is 29923 
hectares. The lowlying land along the river Yamuna is called 
Khadar or "Riverain". This land is of very young origin with low 
lying topography having a total area of 30575 hectares. The tract 
lying to the north of the ridge and west of Grand Trunk Road, 
separates it from Khadar, is a level plain known as "Bangar". The 
tract consists of old deposits and has total area of 41457 hectares. 
The rain water in Bangar is drained by Najafgarh drain and west 
Mungeshpur drain. Dabar is the area lying to the west of the hills 
and consist of low lying and flooded area. Total area of this zone is 
37122 hectares. 
Effluent load in river Yamuna :-
The Karnal, Tons, Giri and Betwa are the important 
tributaries of the river in its Himalayan stretch joining it on the 
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right bank. The choti Yamuna, Chambal, Betwa, Sindh and Ken are 
important tributaries joining it on right bank in the downstream. On 
the other hand river Aglag, Asan, Budhi Yamuna, Khakhadi nadi, 
Katha nadi and Hindon are important tributaries of the river joining 
it on left bank in the plains. The river Chambal is most important 
tributary of Yamuna occupying nearly half of the basin area. The 
Chambal contributes 5 to 10 times more water to the Yamuna river 
than its own flow in dry weather. 
The length of river Yamuna in Delhi is about 38 km of which 
70% of the length is within present urban limits and the balance in 
rural areas of Delhi with width varying between 1.5km-3km. River 
Yamuna has been polluted to such an extent that in half of his 
length the quality of water is not even fit for animal consumption 
due to discharge of 17 large untreated effluent carrying drains. A 
lot of unauthorized construction has come up near the old Yamuna 
bridge. 
It is essential to intercept all drains discharging pollutants in 
the river. This needs a complete review of existing system of 
dealing with wastewater and suitable land use revision is called for 
to locate treatment plants. River is a major environmental resource 
and an amenity. At the moment the river is inaccessible to the 
population and does not serve as a recreational amenity. A separate 
master plan considering the ecological and landscape value of the 
river needs to be prepared. 
The NCT being metro city of India with a population around 
one crore, facing the associated problems of rapid urbanization. 
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The trans Yamuna region of Delhi once upon a river bed of Yamuna 
with rich fertility value has been taken over by the concrete era 
with emergent infrastructures. 
The trans Yamuna region of Delhi is surrounded by river 
Yamuna on west, Noida on south and Ghaziabad on east and north. 
The region has provided shelter to a wide range of rich to poor 
alike. The population in this area has increased several folds in past 
few decades with growing demand for land, thereby bringing 
immense pressure on the basic amenities. The present population in 
this area is about 3 millions. But, this region has not been given due 
emphasis in respect of sewage collection networks, pumping 
stations and sewage treatment plants, thus leading to the discharge 
of untreated sewage into the eastern Yamuna canal turning it into 
trans Yamuna drain which ultimately joins the river Yamuna. 
The water balance of river Yamuna and its major tributaries 
is presented in (Fig.6). As evident from the figure, the Yamuna 
river is trapped through barrage mainly at three places. That is 
Tajewala (just at foot hills, 172 km) at Wazirabad (in Union 
territory of Delhi, 396 km) and at Okhla (in Union territory of 
Delhi, 418 km.) 
At Tajewala, two canals are taken off namely the western 
Yamuna canal and eastern Yamuna canal which are not only used 
for irrigation but also for drinking water for part of Delhi and some 
towns of Haryana. The Wazirabad Barrage forms a reservoir for the 
water supply of Delhi. At the Okhla barrage the Yamuna river is 
again totally blocked and diverted to Agra canal, which is mainly 
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used for irrigation. After the barrages at Wazirabad and Okhla the 
river starts a new as an open drain of mostly domestic sewage and 
untreated industrial wastewater and it is further replenished by 
groundwater. The same situation happens at the drinking water 
intake point for the Agra city. 
The river water quality mainly depends on the discharge of 
river in different seasons. The present risk assessment study and 
future water quality management strategies mainly depends on the 
river run off. 
The Yamuna river discharge at Tajewala, Delhi railway bridge 
and Okhla has been recorded as 10.5 BCM after major water 
withdrawals from Tajewala barrage into western and eastern 
Yamuna canal which further decreases to 7.9 BCM per annum at 
Delhi railway bridge after major water withdrawals from Wazirabad 
barrage for irrigation and human consumption. The river discharge 
at Okhla barrage increases at 8.2 BCM per annum after Yamuna 
receives wastewater of Delhi. The western Yamuna canal has an 
annual discharge of 2.9 BCM. Further flow details of river Yamuna 
and western canal are presented in Table-1. 
Table - 1 
Mean stream run-off of river Yamuna and WYC 
Stream 
River 
Yamuna 
Western 
Yamuna 
canal 
Statioin 
Tajewala 
Delhi 
(Rail bridge) 
Okhla 
Tajewala 
Mean Run off, Billion cubic meter (BCM) 
Total 
Annual 
10.5 
7.9 
8.2 
2.9 
Monsoon 
6.8 
6.5 
6.7 
1.4 
Post 
Monsoon 
1.4 
O.ll 
O.S 
0.4 
Winter 
0.9 
0.2 
0.3 
0.4 
Summer 
1.4 
0.4 
0.4 
0.4 
BCM: Billion cubic meter. 
Source- Assessment and development of River basin series/32/ 
1999-2000/CPCB/Delhi. 
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Main tributaries of Delhi :-
The trans Yamuna drain has several tributaries 
joining along its course of 30 km. 
These drains can broadly be classified into three major groups 
viz, combined (sewage + industrial effluent), purely domestic and 
fresh water drains. Out of thirteen drains, four are combined viz. 
Sahibabad drain, Seelampur drain, viswas nagar drain and Anand 
vihar drain. The eastern Yamuna canal, carrying raw water overflow 
is a fresh water drain. The rest eight drains carry domestic 
wastewater. 
Location wise, drains can be divided into three groups that is 
north of Wazirabad road, between Wazirabad road and G.T. Road 
and south of G.T. Road. It was also observed that sewage is being 
discharged into Shahdara drain through tributaries in an organized 
maner at the downstream of Wazirabad road. 
The trans Yamuna (Shahdara) drain was comprehensively 
studied to assess the qualitative and quantitative wastewater 
discharge along the length of the drain, adequacy of the collection 
system and treatment to identify the constraints and reasons for 
abusing of storm water drain. The details of the wastewater 
discharges by these drains are briefly described below. 
a) North of Wazirabad Road :-
The trans-Yamuna drain earlier known as tail end of eastern 
Yamuna canal, starts near Loni (U.P.) and it can be considered as 
the confluence point of Chandbagh drain, Brijvihar drain and 
eastern Yamuna canal. This area consists mainly of unauthorized 
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colonies where, sewage services are not provided. Of the 50.8 MGD 
flow, around 17 MGD is the sewage and other consist of backwash 
water of Bhagirathi water treatment plant and fresh water over flow 
of the eastern Yamuna canal. 
b) Between Wazirabad Road and G.T. Road :-
40 MGD of wastewater is being added in this stretch, which 
includes industrial effluent from Seelampur and Naveen Shahdara 
areas. The area has highly congested localities like Seelampur, 
Maujpur, Bhajanpura, Babarpur, etc. where laying of sewers is a 
difficult task due to unplanned development. SPSs are under 
construction at Ghonda 1, Ghonda II and Zaffarabad. After 
commissioning of these SPSs, the entry of wastewater through 
Seelampur and Naveen Shahdara drains can be prevented. 
A small SPS having capacity of 2 MGD is already in operation 
at Yamuna Vihar and is discharging lifted sewage into the drain, as 
the Yamuna vihar STP of 10 MGD capacity is not yet 
commissioned. There are proposals to augment the capacity of STP 
to 45 MGD, whereas the present sewage generation in the north of 
G.T. Road itself is around 57 MGD. However, with the completion 
of 45 MGD capacity plant, Seelampur drain and Naveen Shahdara 
drain could be tapped and treated. 
c) South of G.T. Road :-
The effluent area of trans Yamuna region falls in this stretch. 
The total addition of wastewater in this region is around 87 MGD, 
of which Sahibabad drain from U.P. contributes 18.34 MGD of 
sewage and industrial wastewater. In this Stretch, entire sewage 
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generated, except 4 MGD from Preet Vihar pumping station is 
discharged into the Shahdara drain. 
The sewage generated in Delhi is entering the Noida area by 
passing through chilla regulator. The stretch South of G.T. Road 
generates sewage of 69 MGD whereas the Kondli STP is planned 
only for 60 MGD by the end of 2001. Another 0.5 MGD sewage 
(untreated) from sector 15 A. Noida is added to the drain after 
Chilla Regulator. The above study reveals precisely, the quantity of 
wastewater reaching river Yamuna through Trans-Yamuna drain was 
177.6 MGD of which 20.9 MGD was the raw water. Over flow from 
the conduit carrying Ganga water to Bhagirathi water treatment 
plant, around 12 MGD from Bhagirathi water treatment plant as a 
backwash and 18.34 MGD from Sahibabad drain. Thus the 
wastewater generation from the trans Yamuna region was 126.36 
(177.6-20,9-12-18.34) MGD (Million Gallons per day). 
Source : Control of Urban Pollution Series -CUPS/45/1999-2000/ 
Delhi. 
== Million Gallons per day. 
= Sewage Treatment Plant. 
Sewage Pumping Station 
Municipal Corporation of Delhi. 
= Delhi Development Authority. 
Note :- MGD 
STP 
SPS 
MCD 
DDA 
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CHAPTER - III 
MATERIAL AND METHODS 
Water samples were collected from Yamuna river & soil 
samples collected from the Yamuna & Suburbs from all sampling 
stations. 50 samples of surface water and 50 soil samples were 
collected in the month of April and May (pre-monsoon) period and 
November and December (post-monsoon) period during the present 
study from different localities in the study area (Fig. 1). 
Water Sampling Procedure :-
Sampling is one of the most important and foremost step in 
collection of representative water sample for water quality studies 
during the sampling programme. Information regarding the nature 
of rivers, irrigation and industries were also collected. Polythene 
bottles of one litre capacity, soaked in acid and rinsed with distilled 
water were used for the collection of water samples. Samples of 
water were collected by using a clean stainless steel water sampler 
which was introduced into the river with the help of rope and water 
was taken out. Prior to transferring the water samples, the bottle 
was rinsed thoroughly with the water to be sampled. A portion of 
sample was immediately filtered through Whatman filter paper No. 
42 and acidified with 6N nitric acid (8ml/l). Analysis of these 
samples was done without adding any preservative. 
Soil Sampling Procedure :-
All associated soil samples were collected in polythene and 
cloth bags of one kilogram capacity. A round nose trenching spade 
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is a convenient tool for sampling surface soil. A soil tube is useful 
for small surface soil samples. Soil should be air dried before 
shipping or storing for any extended length of time. Air dry soils 
that contain deliquescent salt may accumulate enough moisture 
during short storage period to decompose polythene and cloth bags. 
A container impervious to water vapour should be used for such 
soils. All samples should be air dried before storing into the 
container. The following precautions were taken into account in the 
selection of the soil samples. 
1. Visible or suspected salt crusts on the soil surface were 
sampled separately and the approximate depth of sample 
recorded. 
2. Wherever the soil showed evidence of profile development 
or distinct stratification, samples were taken from different 
horizons or layers. 
3. In the absence of profile development or distinct 
stratification, surface samples including the surface crust 
were taken to the plough depth, usually to a depth of 6 to 7 
inches. 
4. Sometime soil samples taken for salinity and alkali 
determinations may be compositely to deduce the analytical 
work. 
5. The size of sample was sufficiently large to allow various 
measurements to be made thereafter. 
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METHODS OF ANALYSIS 
Water sample :-
The water sample for major and trace metal contents were 
analysed as per the standard methods of APHA (1992) and Trivedi 
and Goel (1984) in the Environmental Geology Laboratory, 
A.M.U., Aligarh. For trace elements, all water samples were 
concentrated at low heat in laboratory. The water samples for 
common cations, anions and trace metal contents were filtered 
through 0.45 fim membrane filters and 500 ml of the filtered 
sample were acidified with 10 ml concentrated HNO3 (analytical 
grade HNG^) before the concentration using evaporation methods 
(Parker, 1972). The concentrated samples were analysed for trace 
metal concentration by atomic absorption spectrophotometer 
(Varian Techtron N525). A blank sample was made for each 
spectrophotometer analysis to account for any analytical and 
instrumental errors. 
Soil Sample :-
All soil samples were dried for 24 hours at 105''C, grounded in 
an agate and mortar, then passed through an 80 mesh sieve. 5 gm 
of the soil sample was digested for 0.5 hour in 25 ml of 1:3 HjSO^: 
HNO3 mixture made upto 25ml with the double distilled water and 
filtered. The residue was again treated in a similar manner and 
filtered. Both the filtrates with washings were concentrated to a 
volume of 25 ml. The prepared samples were used for the heavy 
metals determination (Parker, 1972). 
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Trace metals in the digested water and soil samples were 
analysed by digital atomic absorption spectrophotometer. Operating 
parameters were adjusted for optimum response. Various metals 
were determined by taking respective hallow cathode lamps and 
using their most intense resonance lines. Background correlation 
was used for lead and cadmium. A flame rich in acetylene was 
used for chromium. 
The name of the different 
respective use in water analysis 
1983). 
Name of the Instruments 
1) pH meter 
2) Conductivity bridge 
3) Turbidity meter 
4) D.O. meter 
5) Incubator, D.O. Meter 
6)Flame Photometer 
7) Atomatic absorption 
Spectrophotometer 
8) Specific ion meter with electrodes 
9) Polarograph 
10) Fluorimeter 
ll)Gas chromatograph 
12) Total organic carbon 
analyser 
13) Neutron Activation Analyser 
instruments/equipments and their 
laboratory are listed below (Das, 
Parameters determined 
pH of the water and soil samples 
Electrical conductivity of the water 
and soil samples 
Turbidity of the water samples 
Dissolved oxygen of the water body 
B.O.D. 
Alkali metals 
Almost all metals 
F, CI, NO3, pH, metal & non-metals 
etc. 
Metallic ions specially in trade 
effluents 
Fluorescent substances 
Dissolved gases, pesticides organic 
compound etc. 
Organic carbon 
Analysis of trace quantity of 
pollutants 
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14) X-ray Fluorescence -do-
15) Mass spectrometer Gas content of water, inorganic 
gases, volatile inorganic impurities. 
16) Emission spectrograph Semi quantitative and quantitative 
determination of samples. 
pH Determination of Water:-
pH of water is normally determined electrometrically using 
pH meter with glass and reference electrodes. 
Reagents:-
Buffer solutions of pH 4,7 and 9 which may be prepared from 
the respective buffer tablets. 
Procedure:-
Connect the electrodes with the pH meter. It is then connected 
with mains and switch on the instrument for 10 minutes. Note the 
temperature of the buffer solution and set the instrument to that 
temperature. Standardize the instrument immersing the electrodes 
in respective buffer solution. Standardization should be carried out 
either at pH 7 and 4 or pH 7 and 9 depending upon the acidic or 
alkaline character of water sample to be measured. Now remove 
buffer solution, wash electrode with distilled water and finally with 
water whose pH is to be determined. Immerse the electrodes in 
the sample and measure the pH value. When the determinations are 
over, wash the electrode thoroughly and keep them immersed in 
distilled water. 
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pH Determination of Soil:-
Appratus:-
Container of 250 ml capacity or greater such as a cup of 
moisture box was used. 
Procedure:-
The pH of the soil sample was recorded with Backman pH 
meter using glass electrode and saturated calomel electrode 
assembly. A 1:5 soil water ratio suspension was used for measuring 
the pH (Jackson, 1973). 
Determination of Electrical Conductivity in Water:-
Electrical conductivity is a measurement of water's capacity 
for conveying electric current and is directly related to the 
concentration of ionized substances in the water. It is the measure 
of the mineralization and indicative of the salinity of groundwater 
the EC of the water was measured with HACH model DR-EL/4 
conductivity meter. 
The electrical conductivity with 400 micro mhos/cm at 25°C is 
considered suitable for human consumption. 
Determination of Electric Conductivity in Soil:-
The electric conductivity of the soil was measured with HACH 
model DR-EL/4 conductivity meter. A 1:5 soil : water ratio 
suspension was used for these measurements (Jackson, 1973). 
Atomic Absorption Spectrophotometer:-
Sodium, potassium, magnesium, calcium, iron, copper, 
maganese, zinc, cadmium chromium, lead, nickel and cobalt, etc. 
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were determined by atomic absorption spectrophotometer (Perkin 
Elmer model, 372). 
All metal contents were determined in filtered and acidified 
water and soil samples. Various metal contents were determined by 
taking hollow cathode lamps. 
Atomic absorption spectrophotometer is almost similar to 
flame emission photometer in which water sample is sprayed into 
air acetylene flame in order to excite the spectral lines of desired 
element. Flame photometer, however, measures the amount of light 
emitted whereas in digital atomic absorption spectrophotometer a 
light beam is directed through the flame into a monochrometer on 
to a detector that measures the amount of light absorbed. In many 
instances absorption is more sensitive because it depends upon the 
presence of free unexcited atoms and generally the ratio of 
unexcited atoms at a given moment is very high. As the wave 
length of light beam is characteristic of only the metal being 
determined, the light energy absorbed by the flame is a measure of 
concentration of the metal in the sample. 
Simplicity, sensitivity, specificity and other numerous 
advantages have caused this instrument to be adopted as a standard 
analytical method for routine determination of major and minor 
trace metals in water and soil sediments. However, chemical 
interference gives some trouble in atomic absorption 
spectrophotometer which may be caused by lack of absorption of 
metal atoms bound in molecular combination in the flame 
phenomenon. The chemical interference may occur when the flame 
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is not sufficiently hot to dissociate the molecule, as the case of 
phosphate interference with magnesium. Addition of lanthanum will 
overcome the phosphate interference in magnesium and calcium 
determinations. 
Apparatus:-
Atomic Sbsorption Spctrophotometer:-
Atomic absorption instrument having a source of energy, an 
automizer burner system, a monochromator and a detector. 
Glass ware : -
All glass wares should be washed with detergent, rinsed with 
hydrochloric acid (HCl), tap water and deionised distilled water 
simultaneously. 
Burner:-
The burner recommended by particular instrument 
manufacturer should be used. Nitrous oxide burner is required for 
some trace elements. 
Analytical Procedure:-
According to metal concentration, select the hollow cathode 
lamps for chemical analysis, the lamp should be allowed to warm 
minimum fifteen minutes. Now, set the position of monochromator 
at the correct wave length, select proper monochromator slit width 
and adjust the hollow cathode simultaneously adjust the burner and 
nebulizer flow rate for maximum percent absorption and stability 
and balance photometer, light the tlame and regulate the flow of 
fuel and oxidant. Run a series of standards of metals under 
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chemical analysis. Computerized values of metal concentration are 
printed on paper sheet automatically. It is, therefore, important to 
run standards each time for a sample or series of samples. 
Concentration of all trace metals has been calculated in 
milligram/litre or parts per million (PPM) in water and soil samples 
by using the following formula. 
Sample absorbance X concentration of standard 
Mg/1 = 
Standard absorbance 
Scope and Application:-
1) The method is simple, rapid and applicable to a large 
number of metals in surfacewater^ groundwater, domestic 
and industrial wastes, saline and alkali soils. Metal 
contents are readily determined by atomic absorption 
spectrophotometer. 
2) Detection limit, sensitivity and optimum range of the 
metals will vary with various models of atomic absorption 
spectrophotometers. Concentration shown below may be 
extended much lower with scale expansion and conversely 
extended upwards by using a less sensitive wave length. 
Detection limits may also be extended through the 
concentration of the sample or through solvent extraction 
techniques. 
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CHAPTER-IV 
GENERAL GEOLOGY 
The Delhi system which lies unconfoinably over Raialo series 
consisting of quartzites, grit and schists, which constitute the 
famous ridge of the city of Delhi. The Alwar series of the Delhi 
system is represented by quartzites and mica schists with pegmatite 
intrusives. This series is predominated by the quartzites and forms 
the high concentration in the north-north east and south-south west. 
The predominant joint directions are NNE-SSW, NNW-SSE and 
east-west and dipping at various angles right upto 90 degrees. The 
Quartzites are close textured, thickly bedded and devoid of 
interstitial spaces. These are white, pale grey or pale pinkish purple 
with reddish brown shades depending upon the amount of iron 
oxides coating over the constituent grains. 
The Himalayan basin of Yamuna river geologically varies to a 
greater extent. The major geological components of the basin 
included tourmaline granite belt of Post Miocene/quartzites, highly 
metamorphosed Pre-Cambrian/genises, schists, slates, mica schists, 
limestones, phyllites, conglomerates, shales, clay, etc. 
The minerals of some economic significance in the ridge are 
barytes, feldspars, quartzites, copper ore, calcite, clay, building 
stones and limestones. Heavy mining and quarrying activities are 
being undertaken by the mine operators in the ridge, resulting in the 
environmental degradation of the region. The off shoots of the 
ridge are scattered at a number of places in Delhi, Mehrauli, 
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Tughlakabad ranges, university of Delhi, etc. 
The groundwater availability in the territory is controlled by 
hydrogeological situations characterized by occurrence of alluvial 
formations and quartzitic hard rocks. The hydrogeological set up 
and the ground water occurrence is further influenced by the 
following distinct physiographic units. 
1) Alluvial plain on eastern and western sides of the ridges. 
2) Yamuna flood plain deposits. 
3) Isolated and nearly closed Chattarpur alluvial basin. 
4) NNE-SSW trending quartzite ridge. 
The Delhi ridge which is the northern-most extension of 
Aravalli mountain consists of quartzite rocks and extends from 
southern part of the territory to western bank of Yamuna for about 
35 kilometers. 
The alluvial formations overlying the quartzitic bed rocks have 
different nature on either side of the ridge. The Yamuna flood plain 
contain a distinct river deposit. The nearly closed Chattarpur 
alluvial basin covering an area of about 48 km^ is occupied by 
alluvium derived from the adjacent quartzite ridge. The general 
stratigraphic sequence of the rock formation in the territory is as 
follows (Fig.7). 
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Source: Development and augmentation of groundwater resources in 
National Capital Territory of Delhi, CGWB, 1996. 
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Quaternary 
Newer Alluvium Unconsolidated, interbedded lenses 
of sand, silt, gravel and clay in 
narrow flood plains of Yamuna 
river. 
Older Alluvium Unconsolidated, interbedded, 
interfingering deposits, sand, 
clay and kankar, moderately 
sorted. Thickness variable at 
places more than 300 meters. 
Pre-Cambrian 
Alwar Quartzites Well stratified, thick bedded 
brown to buff colour, hard and 
compact intruded locally by 
pegmatite and quartz veins 
interbedded with mica schists. 
Alluvial Deposits:-
The alluvial deposits of quaternary age are mainly composed of 
unconsolidated clay, silt, sand with varying, proportions of gravel 
and kankar. 
The alluvial formation is further divided into: 
(i) Newer alluvium belonging to recent age and refers to the 
sediment deposits in the flood plains of Yamuna river and also 
along with water courses of major streams flowing from the 
hills. 
These sediments range in texture from clay silt mixed with tiny 
mica flakes to medium/coarse sand and gravel. Newer alluvium, in 
general, is characterized by absence of permanent vegetation (due 
to periodic flooding) and lack of kankar. 
(ii) Older alluvium are the sediments deposited as a results of 
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past cycles of sedimentation of pliestocene age and occur 
extensively in the alluvial plains of . the territory. This is 
comprised of inter-bedded, lenticular and interfingering 
deposits of clay, silt and sand, ranging in size from very fine 
to coarse with occasional gravels. The kankar or secondary 
carbonates of lime occurs with clay/silt deposits and 
sometimes as hard/compact pans. Older alluvium is 
predominantly clayey in nature in major parts of the territory 
excepting the nearly closed alluvial basin of Chattarpur 
where the alluvial formation is derived from the weathered 
quartzites. 
Hard Rock Formation :-
The Alwar quartzites of Delhi system exposed in the area 
belong to Pre-Cambrian age. The quartzites are pinkish to grey in 
colour, hard, compact, highly jointed/fractured and weathered. 
These occur with interbeds of mica schists and are intruded locally 
by pegmatities and quartz veins. The strike of these rocks varies 
north east-south west to north north east-south south-west with 
steep dips towards south-east and east except for some local 
variations due to folding. 
The prominent joint sets are strike joints, bedding joints and 
dip joints. Quartzites are ferruginous and grity types on weathering 
and subsequent disintegration give rise to coarse sand (Badarpur 
Sands). Chemical weathering of deeper horizons is also common. 
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Sub-Surface Configuration:-
The exploratory drilling undertaken has brought out the sub-
surface configuration of rock formations and depth to bed rock in 
different parts of Delhi. The nature of bedrock topography is 
rendered uneven due to existence of sub-surface ridges. Thickness 
of alluvium overlying the quartzites increase away from the out 
crops. The thickness of alluvium is 300m or more in most parts of 
Najafgarh, Kanjhawala and Alipur blocks while in the south eastern 
part of Alipur block, it varies from 100m to 300m, in the eastern 
parts of Najafgarh block, the thickness range is from 50m to 300m. 
In the city block, west of the ridge, the alluvium thickness increases 
away from the ridge to 300m or more. East of the ridge, in the area 
upto river Yamuna, the alluvium thickness is comparatively less 
about to 165m. East of river Yamuna covering parts of city and 
Shahdara blocks, the thickness ranges from 48 to 240m. In the 
Chattarpur basin of Mehrauli block, the alluvium thickness varies 
from a few meters near the periphery to 115m around Satbaribund. 
The exploratory borehole data (Fig.8) exhibits sub-surface 
geology of the areas east of the ridge and on north, and in north 
west Delhi. These areas exhibit a predominantly clayey nature of 
alluvium formations generally beyond shallow depths. The top 
horizons in the depth range of 10 to 50mts are generally sandy in 
nature. 
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CHAPTER-V 
HYDROLOGY 
The catchment of Yamuna river system covers parts of Uttar 
Pradesh, Haryana, Himachal Pradesh, Rajasthan and Madhya 
Pradesh states and the entire state of Delhi. For the purpose of this 
study, the parts of catchment area of U.P., Haryana and complete 
Delhi state are covered. These catchment areas are shown in (Fig.9) 
with respective state and district boundaries. In the study area, 
there are no major tributaries, which add to the river flow. 
However, there are minor seasonal nallahs which join the river at 
different places. The flow in these nallahs are mainly due to 
domestic and industrial effluent flows all the year which convert 
these nallahs into mere 'drains'. The other major stream in this area 
is Hindon river which joins Yamuna at Majhuli in between Delhi 
and Ballabgarh. 
From Tajewala, the main river course of Yamuna passes 
through the borders of Sharanpur district of U.P. and enters Karnal 
district of Haryana. From Karnal it passes through Panipat and 
Sonipat districts of Haryana and enters Delhi state at Wazirabad. In 
between Wazirabad and Sonipat, it touches two small towns 
namely, Bagpat and Palla. 
In view of productive use of river water for domestic, 
agricultural and industrial purposes, four major barrages have been 
constructed on river Yamuna. These barrages are Tajewala, 
Wazirabad, I.T.O. and Okhla. As part of the Yamuna river water 
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use, the western Yamuna canal (WYC) originates from Tajewala 
head-works, about 40 km. upstream of Yamuna nagar in Haryana. 
After a short travel it divides into two canals, Indira escape canal 
and Indira augmentation canal which meet WYC again at Gagsina 
village. Further downstream of Karnal the canal bifurcates into two 
channels, namely, Munuk canal and WYC. At this point, WYC 
discharges into river Yamuna through Miinuk escape channel. From 
here the WYC flow parallel to Delhi along the abandoned WYC. 
This canal flows upto Delhi and provides water to western Delhi 
from Haiderpur water works. The surplus water at Haiderpur is 
discharged into Najafgarh drain which in turn discharges into river 
Yamuna. The state-wise catchment areas are presented in Table-2. 
Table-2 
State-wise Catchment area of Yamuna river. 
State/Territory 
Uttar Pradesh 
Himachal Pradesl 
Haryana 
Rajasthan 
Madhya Pradesh 
NCT-Delhi 
Total %age 
Total area in the 
Yamuna 
catchment 
(sq.kni) 
74208 
5799 
21265 
102883 
140208 
1485 
345848 
100% 
Area in the major sub-basins (sq.km) 
Hindon 
7083 
-
-
-
-
-
7083 
2.0% 
Chambal 
452 
-
-
79495 
59838 
-
139785 
40.5% 
Sind 
748 
-
-
-
25131 
-
25879 
7.5% 
Betvva 
14438 
-
-
-
33502 
-
47940 
13.9% 
Ken 
336 
-
-
-
21090 
-
24426 
7.0% 
Source: Assessment and development of River Basin Series/32/1999-2000/ 
CPCB, Delhi. 
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The state-wise contribution to the catchment areas of the river 
Yamuna are: 
Uttar Pradesh 
Himachal Pradesh 
Haryana 
Rajasthan 
Madhya Pradesh 
N.C.T. Delhi 
Source: CPCB 
21.5% 
1.6% 
6.1% 
29.8% 
40.6% 
0.4% 
The tributaries contribute 70.9 percent of catchment area and 
balance 29.1% accounted for direct drainage;into the Yamuna river. 
The catchment basin of Yamuna accounts 40.2% of the Ganga basin 
and 10.7% of the total land mass of the country. The major land 
uses in the river catchment are presented in Table-3. 
Table-3 
State-wise land use pattern in the Yamuna river catchment Area 
State 
Himachal 
Pradesh 
Harayaiia 
NCT-Delhi 
U.P. 
Rajasthan 
M.P. 
Total 
Area (% of 
of total 
catchment) 
1.2 
8.6 
0.4 
20.5 
31.0 
38,3 
100.0 
Non-arable 
land % 
25.0 
18.1 
51.00 
14.5 
40.8 
26.0 
27.5 
Forest 
land % 
59.4 
2.4 
1.0 
7.4 
8.8 
18.0 
12.5 
Cultivable 
land % 
15.6 
79.5 
48.0 
78.1 
50.4 
56.0 
60.0 
Land 
actually 
shown % 
14.2 
59.9 
46.5 
65.3 
43.9 
50.7 
51.9 
Land under 
Habitational 
use % 
1.5 
3.6 
43.7 
4.8 
2.2 
1.8 
2.9 
Source: Compreiiensive plan of flood control for Ganga sub basin and tributary River system, Ganga 
flood control committee Ministry of water resources. Govt, of India. 
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River Flow:-
The availability of water in Yamuna river varies with time and 
space. Precipitation is mostly confined to only three months in a 
year and it fluctuate significantly. Most of the water which flows in 
Yamuna river (nearly 80%) flows in monsoon period, that is, July to 
September. Whatever, water flows in non-monsoon period (October 
to June) is extensively used for irrigation and drinking purposes, 
leaving very little or no water in the river to flow. 
The flow of the river observed at 13 locations during 1983 to 
1998 indicated that for about 70 to 80% of the time, downstream 
flow between Tajewala and Okhla barrage is less than 3 cusecs. 
There remains no flow for a considerable period. At Etawah, 
minimum flow during non-monsoon period varies from 2.5 to 15 
cusecs. At Juhika the flow is recorded as 63 cusecs, downstream of 
Chambal confluence with an average of 146 cusecs, during May and 
June. 
Source: Assessment and Development of river Basin Series/32/ 
1999-2000/CPCB/Delhi. 
Rate of Fall in Yamuna River Valley:-
In the Himalayan area, the Yamuna river valley has a steep 
profile, but in the plains it is gently graded and gradually flattened. 
The horizontal equivalent and rate of fall per km in different 
important sections of the valley are presented in Table-4. 
The Table-4 clearly indicate that there is a remarkable 
difference in the rate of fall in the valley profile of the Himalayan 
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stretch and plain stretch. In the first 25 km of river stretch the 
valley falls at the rate of 59m/km. while in long plain stretch 
between Agra to Allahabad (786 km). The rate of fall reduces to 
0.08 m/km. 
Total Himalayan Valley 152 km Rate of Fall:19.1 m/km. 
Total plain valley 1224 km Rate of Fall:0.2 m/km. 
Table-4. 
Rate of fall in Yamuna river stretches 
Lower 
point 
Altitude 
(m) 
Horizo-
point 
Total 
(in) 
Rate of 
horizontal 
equivalent (km) 
Fall 
vertical 
interval(m) 
Fall/Km 
(in) 
(a) In Himalyan Stretch 
Source 
Paligad 
3255 
1785 
Paligad 
Debouch 
1785 
348 
25 
127 
1470 
1347 
59.0 
11.3 
(b) In Plain Stretcli 
Kaicsar 
Dcllii 
Mathura 
Agra 
348 
236 
168 
145 
Delhi 
Mathura 
Agra 
Allahabad 
236 
168 
154 
94 
298 
170 
64 
768 
112 
68 
14 
60 
0.3 
0.4 
0.22 
0.08 
Source: Assessment and development of River basin series/32/1999-2000/ 
CPBC/Delhi. 
Climate is an important factor, which influences to a great 
extent the micro climate of an urban area. Higher temperatures are 
observed in urban settlements than rural settlements, due to 
alteration of space, which affects the heat balance of an urban 
settlement, leading to higher thermal discomfort. Industrial landuse 
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should not be sited on the windward side to the existing or 
proposed settlements. The classification is based on the distance 
from windward side from the sources of pollution The ranking 
criteria is based on incidence of development from maximum to 
minimum. 
The climate of any place plays a vital role in creating comfort 
conditions and for the dispersal of pollution provided the activity 
pattern are managed in a harmonious manner. On the other side, it 
(climate) may cause number of environmental problems if activities 
like industries are located on the predominant wind direction and 
close to residential, commercial and environmentally sensitive 
areas. Problems like bronchitis, asthma, eye burning and skin 
diseases can be observed, decay of the vegetation cover and 
degradation of aesthetic value of ancient monuments can be 
experienced. 
The climate of NCT Delhi is influenced by the inland position. 
Hot summers with an extreme dryness and cold winters are the 
characteristics of the climate. The winds of oceanic origin belows 
in the NCT of Delhi during the three monsoon months which are 
July, August and September cause increase in cloudiness, humidity 
and precipitation. The climate of the NCT of Delhi can be broadly 
divided into four seasons, as follows: 
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Season 
i) The Cold season 
ii) The Hot season 
in) The Monsoon period 
iv) The post Monsoon period 
Duration of the season 
Starts in late November and 
extends to about beginning of 
the March. 
Starts in the mid March which 
lasts about the end of June 
(Monsoon arrival). 
Starts from the beginning of 
July till about the last week of 
September. 
Starts from the beginning of 
October and end up in the last 
week of November. 
The five parameters of the climate are temperature, rainfall, 
humidity, cloudiness and wind of the above four seasons are as 
under: 
Temperature: In cold season (1998-99) both day and night 
temperature drop rapidly due to westerly disturbance. January is the 
coldest month with mean daily maximum temperature 21.3"C and 
the mean daily minimum temperature 7.3°C. Temperature begins to 
rise after the middle of March , May and June are the hottest 
months in which mercury sometimes touches to 45°C to 47°C. The 
higher temperature are experienced in May during day, but the 
nights are warmer in June .The highest temperatures so far recorded 
in NCT of Delhi was 47°.2C on 29th may 1944 and the lowest 
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minimum temperature was -0.6"C on I6th January 1935 (IMD, 
1991). Hot wind which is locally known as loo blows from April on 
wards through out the summer. 
Cloudiness :-
The sky conditions in almost all the blocks in Delhi are clear 
or lightly clouded throughout the years except during the monsoon 
months, when they are heavily clouded (July-August). Passing 
western disturbances often create cloudily and sometimes overcast 
sky conditions in the NCT Delhi (January, February and March). 
Humidity :-
Humidity has a marked impact not only in comfort conditions, 
but the rate of dispersal of ambient pollution in the NCT Delhi. The 
relative humidity shows an annual variation of about 40% to 45% 
with the highest average figures (about 70%) noted during the 
monsoon month, for most blocks of Delhi. 
Cloudiness and Humidity :-
In monsoon months skies are heavily clouded and overcast, 
nearly 70 to 77% of humidity has been recorded in this period. 
April and May are the driest months with relative humidity of about 
more than 20%. 
Rainfall :-
The normal annual rainfall is 611.8mm. The rainfall increases 
from the southwest to the northeast direction. Monsoon months 
(July, August and September) shower about 81% of annual rainfall 
45 
and rest 19% is received as winter rains and as thunderstorm rains. 
The NCT Delhi has rainfall pattern which displays an appreciable 
annual variation in most of the blocks. Even within the blocks, the 
rainfall pattern shows spatial variations in intensity and total 
precipitation. While the prime source of climatic data the Indian 
Meteorological Department does not collect data at the inter blocks 
level. 
Winds :-
During the pre and post monsoon are generally light. The 
predominant wind directions are from westerly and Northwesterly 
directions. Hot wind (loo) starts blowing from April onwards 
throughout the summer. Easterly and southeasterly winds are more 
common in the monsoon months. The average annual wind speed is 
9.8 km per hour. 
Mushrooming of industrial activities in and around the NCT of 
Delhi and over crowding by the vehicular population has increased 
the problems of air pollution. Industries such as chemicals, 
electroplating .plasties and the production of heavy acids generate a 
combination of pollutants, including hydrocarbons, aldehydes, 
oxides of nitrogen and toxic metallic oxides. 103 metric tones of 
pollutant are emitted by these industries every day. The culprits are 
textiles, glass, ceramics, chemicals, engineering and rubber units. 
The spread of industrial emissions is further facilitated by the 
prevalent wind pattern in Delhi. Easterly winds during the monsoon 
and a part of winter spread pollution from the Okhla industrial area 
and the thermal power station over north western and central Delhi. 
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Since the remainder of the year experience a westerly wind 
direction. It would be wise to locate any new industrial area way 
ahead of Shahdara towards the east, so as not to fall in the path of 
the winds. Ignoring this caution, authorities have allowed the 
establishment of an industrial area in Zakira in northern Delhi 
which receives the wind currents head on all round the year. 
Moreover, pollutant are distributed over a wide area of the city 
which has a constantly elevated level of suspended particulate 
matter. 
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CHAPTER-VI 
POLLUTION HAZARDS-SOURCES AND CAUSES 
River Yamuna, which is the main source of water supply of 
Delhi, plays a crucial role in its growth, perennial increase of 
population and urban activities in Delhi are placing exigent 
pressures and demands on this natural riverine resource. There is a 
heavy pressure of water supply and sanitation on river Yamuna at 
Delhi, leading to severe impact on water quality of the river. 
Delhi, the Capital of India, aburgeoning, has undergone 
galloping urbano-industrial growth in recent times especially in last 
three-four decades. Its population has increased from seven lakhs in 
1941 to nearly 10 million now. The casecading influx of population 
far beyond the carrying capacity of municipal support system with 
civic amenities and facilities deteriorating and depleting day by day 
coupled with environmental pollution consequent to proliferation of 
industries and ongoing insatiable appetite for milching the 
resources beyond sustainable limits have exerted continuous stress 
and strain on the environmental profile of the area. As a result the 
once pristine environmental scenario and ecosystem of the area has 
undergone drastic transformation of the getting worse due to 
combined adverse impact of endogenic natural and anthropogenic 
hazards. The environmental equilibrium has been alarmingly 
disturbed. 
The environmental problems of the area can be broadly 
categorised into two main classes, viz. 
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(i). Natural hazards comprising flood, water logging, groundwater 
salinity and seismicity. 
(ii) Anthropogenic hazards consisting of hill landscape 
scarification be haphazard mining, land degradation, dereliction by 
brick kilns, and indiscriminate and improper landuse for 
urbanisation and industrialisation, incompatible to local ground 
conditions, groundwater overdrafts and pollution by industrial 
effluents and municipal sewage, improper municipal/industrial 
solidwaste disposal, deforestation/encroachment on forest land, air, 
noise pollution etc. (Fig. 10). 
Domestic:-
The temporal spatial growth of settlements falling within the 
confines of Delhi depict the growth of Delhi over the years. The 
decadal growth in urban areas and its growth rates between 1901 to 
1991 has been depicted in Table-5. 
The urban area of Delhi has been growing continuously since 
1911. As evident there was an enormous rise of approximately 288 
percent between 1911 to 1921, mainly as a result of developments 
coming up after the transfer of the Imperial Capital from Calcutta 
to Delhi. 
After the establishment of New Delhi in 1931, the expansion 
became almost stagnant. Thereafter, significant change in the urban 
areas was experienced only in the post-colonial period. 
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NATURAL HAZARD 
m rn Esa 
ANTHROPOGENIC HAZARD 
|_T_| 1/6 I [oiol [eio] I ^H I QizJ 
(l)Areo Prone fo Annuol Floods-T, (2)Areo Prone 1o Occosionol Floods - Tg (3) Seosonolly/Perennioiy 
Woter LOogeO/Norshy Troct (4)Sollne/Brockish Ground woter Zone (5) isoselsmois ( 6 ) Bod 
lond (7)(eround Woter Overdroft (8) Hillscope/Londscope Scoridcotion due to Mining (9) Lond Oegr-
odotlon by Brick Fields (10) Fly Asti Dumps - Ai r /Woter /Soi l Pollution (ll)Soiid Woste Dumps 
(12) Ground Woter Pollution due to induslrioi/Municipoi EHiuents along Unimed Nojofgorh / 
Nongloi Oroin 
Fig. 10: GEOENVIRONMENTAL HAZARD MAP OF DELHI AREA. 
Source: Geological Survey of India Special Publication No. 43, 1996. 
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Table-5 
Growth of Urban Areas-Delhi. 
Decadal 
Year 
1901 
1911 
1921 
1931 
1941 
1951 
1961 
1971 
1981 
1991 
Area 
(Sq.km) 
43.3 
43.3 
168.1 
169.6 
170.1 
195.8 
326.3 
451.4 
591.9 
685.3 
Net Addition 
(Sq.km) 
-
0 
124.8 
1.5 
0.5 
25.7 
130.5 
125.1 
140.5 
93.4 
Growth 
(%) 
-
0 
288.22 
0.89 
0.29 
15.11 
66.65 
38.34 
31.13 
15.78 
Source: Directorate of Census Operations, Delhi. 
After independence, Delhi has been growing more or less 
steadily with the urban area expanding to 685.3 sq.km. according to 
1991 census, which is 46.21% of the total geographical area of 
NCT Delhi. Population has been an integral part of the urban 
sprawl. The ever increasing population of the country manifests 
itself by way of the metropolitan cities becoming increasingly 
congested. This is reflected in the change in population of Delhi 
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since 1901 to 1991, as presented in Table-6. 
Table-6 
Population Growth - Delhi 
Year 
1901 
1911 
1921 
1931 
1941 
1951 
1961 
1971 
1981 
1991 
Total 
Population 
405809 
4138512 
488452 
636246 
917939 
1744072 
2658612 
4065698 
6220406 
9370475 
Decadal 
increase (%) 
-
2 
18 
30 
44 
90 
52 
53 
53 
51 
Urban 
population 
214115 
37944 
304420 
447442 
695686 
1437134 
2359408 
3647023 
5768200 
8427083 
% of total 
population 
51 
56 
62 
70 
76 
82 
88 
90 
93 
90 
Decadal 
increase 
-
11 
28 
47 
55 
107 
64 
55 
58 
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Source: Directorate of Census Operations, Delhi. 
Delhi has followed an upward trend in population growth all 
through this century. However, the biggest increase was in the 
decade 1941-51, when the number really doubled following the 
influx of refugees. During the post three decades, the growth rate is 
more or less constant at about 50%. 
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The density of population for NCT Delhi in 1981 was 4194 
persons per sq.km. which was increased to 6319 persons per sq.km 
in 1991 registering 51% increase in the decade 1981-91. The rate of 
growth of urban population of Delhi is maximum in the country. 
The urban population has increased to more than 40 times since the 
onset of this century. The population of Delhi may reach to around 
12.0 millions by the end of year 2001. 
Inspite of intensive developmental activities in Delhi after 
Delhi's Master Plan 1962, about 70% population of Delhi still lives 
in sub-standard habitat with a break up of 1.0 million in Jhuggi-
Jhonpari clusters, 1.2 million in unauthorised colonies and 
unauthorised regularised colonies, 1.4 million in slum designated 
area, 0.5 million in urban villages, 0.5 million in rural villages and 
about 1.2 million in resettlement colonies. 
The human activities results in the generation of pollutants 
though the nature and quantities of such pollutants may vary in a 
wide range form activity to activity. Rural and urban areas are very 
much distinct from each other in terms of human activities as well 
as the provision of infrastructure, particularly water supply and 
sanitation. 
Pollution load generation-Rural:-
About 797.7 sq.km. of geographical area is occupied by rural 
areas in NCT Delhi, accommodating a total population of 943392 as 
per 1991 census. The generation of pollutants from agriculture, 
animal husbandry and from domestic sources in case of rural 
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communities would be more or less uniformly spread over large 
areas. Most of the rural areas do not have piped water supply and 
even if they have, it is not adequate to support water-borne system 
of disposal. Hence, land disposal of generated sewage is the 
prevalent means, also because of easy availability of open land 
areas. 
After land disposal of the wastewater, the pollutants do not 
reach directly to the water bodies, but get decomposed by the 
micro-organisms present in the soil or are consumed by other living 
beings. Some part of wastewater may percolate into the soil 
resulting feeble chances of river pollution from these sources 
directly. 
During the onset of the monsoon, with the first showers of the 
season, the flushing of the whole catchment area takes place. As a 
result, the pollutants from towns, villages, fields, roads and other 
land surfaces present in, how so ever, small or large quantities, may 
find their way to recipient water bodies such as rural drains etc. j 
along with storm waters. But in due course of travel, these 
pollutants may undergo physical, chemical and biological changes 
and considerable portion of insoluble heavier material settles down 
by the time it joins the main river course. Certain specific 
pollutants may get absorbed or absorbed by the soil and get 
assimilated. Thus, the generation of pollution in rural areas do not 
pose a serious problem to water quality of river Yamuna. 
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Pollution load generation-Urban:-
The urban municipal use of water, leads to the concentrated 
generation of water pollutants in contrast to non-point generation in 
the case of rural communities. The availability of proper 
infrastructural facilities like water supply and sanitation in an area 
determines the per capita pollution load generation and its changes 
to reach the river system. The average per capital daily BOD load 
adopted as the contribution to the river system are presented in 
Table-7. The class C towns, which have neither sewerage, nor 
organised water supply, have been treated at par with rural 
communities. 
Table-7 
Classification of towns based on public utilities. 
Class 
A 
B 
C 
Public Utilities 
Sewerage and organised water supply 
No sewerage and organised water supply 
No sewerage and no organised water supply 
Adopted average 
BOD (gm) Capital/da> 
50 
25 
15 
Source:Assessment and Development of River basin series/2/1980-81/ 
CPCB/Delhi. 
The total wastewater generation in Delhi is estimated at about 
2160 MLD against the water supply of 2700 MLD. However, an 
attempt is made to estimate wastewater generation in the main 
sewerage zones of Delhi. It is estimated that an average of about 
181.18 Ipcd (40 gallons per capita/day) of domestic sewage is 
generated in the sewered areas of Delhi. The urban areas of Delhi 
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constitute five sewerage zones namely-OkhIa, Keshopur, Rithala, 
Coronation Pillar and Shahdara. These sewerage zones do not have 
uniform population but have population in various densities, 
representing around 80% of the total population. In order to 
ascertain the total population in each sewerage zone, an 
intersection of boundaries of sewerage zones and planning zones is 
obtained. The areas of resulting sub-zones are then multiplied with 
the corresponding planning zone densities to find the population of 
each sub-zone. The total of the populations of all sub-zones 
belonging to one particular sewerage zone is finally obtained. The 
total volume of domestic sewage generated is calculated using per 
capital use of water. The BOD load generated in each sewerage 
zone is shown in Table-8 
Table-8 
Sewerage zone-wise estimated generation of domestic pollution 
load (excluding new colonies) 
S.No. 
1. 
2. 
3. 
4. 
5. 
Sewerage zone 
Okhla 
Keshopur 
Rithala 
Coronation Pillar 
Shahdara 
Total 
Population 
(estimated for 
the 1999) 
3127794 
1606646 
1394108 
455092 
1873455 
8997095 
Estimated 
domestic 
generation (MLD) 
566.44 
290.96 
35027.0 
82.42 
339.28 
1629.37 
Estimated 
domestic 
(MT/day) 
156.39 
80.33 
96.71 
22.75 
93.67 
449.85 
Source: Assessment and development 
CPCB Delhi. 
of River basin series/32/1999-2000/ 
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Industrial Pollution:-
Industries which generate water pollutional loads are toxic 
and varied in nature, highly concentrated in terms of space and 
time. Some being refractory and very difficult to either destroy or 
remove once they have entered a stream. 
The severity of the industrial pollution problem is depicted 
in the form of BOD load in the present study. 
There are several large, medium and small scale industries 
which are located within the 16 major industrial areas in NCT 
Delhi. Most of the large/medium scale industries have their effluent 
treatment systems, but in the absence of accurate informatin 
regarding extent of treatment provided by the industries, this factor 
has been ignored, while estimating the pollution load generated 
from industries. The total BOD load discharged by the industrial 
areas has been estimated using discharge and concentration data 
(Table-9). The industrial areas falling within a particular sewerage 
zone has been clubbed together. Wherever, it is encountered with a 
particular industrial area lies in the more than one sewerage zone, 
the industrial effluents have been proportionately distributed in 
respective sewerage zones. 
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Table-9 
Sewerage zone-wise estimated generation of industrial pollution loads 
Sl.No. 
1. 
Sewerage 
zone 
Okhla 
2. Kcshopur 
3. Rilhala 
4. Coronation 
Pillar 
5. Shalidara 
Industrial 
Areas 
Oklila 
Sub-Total 
Rohtak Road 
Karanipura 
Mayapuri 
Najafgarh 
Road (60%) 
Kirti Nagar 
Naraina 
Mangolpuri (40%) 
Sub-Total 
Mangolpuri (60%) 
Najafgarh Road (40%) 
Anand Parbal 
Lawrence Road 
Badli 
Narcla (60%) 
Wazipur 
Sub-Total 
Azadpur 
Narela(10%) 
Sub-Total 
Jhilmil 
Patpargang 
Sub-Total 
Grand Total 
Estimated 
industrial 
discharge (MED) 
10.0 
10.0 
1.68 
3.09 
7.0 
7.20 
3.0 
6.0 
0.56 
28.53 
0.85 
4.80 
8.0 
2.0 
1.53 
3.21 
10.0 
30,V3 
1.94 
0.54 
2.48 
7.0 
3.0 
10.0 
81.4 
Estimated 
BOD 
(nig/1) 
941.18 
.3650.00 
3650.00 
3650.00 
3650.00 
3650.00 
14.89 
1057.77 
80.65 
1057.77 
3650.00 
1057.77 
1057.77 
274.83 
274.83 
274.83 
274.83 
274.83 
353.87 
353.87 
Estimated 
industrial 
BOD load (MT/day) 
9.41 
9.41 
6.12 
11.27 
25.34 
26.28 
10,95 
0.09 
0.60 
0.89 
17.52 
8.46 
2.12 
0.42 
0.88 
2.75 
33,04 
0.53 
0.15 
0.68 
2.48 
1.06 
3.54 
127.32 
Source: Assessment and development of River basin serics/32/199-2000/CPCB/ 
Delhi, 
Recent legislation in the United States had added several 
new parameters to effluent permits. Parameters to be considered 
now., depending on the plant location are: 
BOD 
TSS 
COD 
VOC 
Priority pollutants 
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Aquatic toxicity 
Heavy metals 
Nitrogen 
Phosphorus 
Since most industries have wastewater treatment plants, 
upgrading, pretreatment or territory treatment are required to meet 
these new criteria, innovative technologies and modifications to 
existing technologies are now becoming available. 
Waste Minimization:-
Before end of pipe wastewater treatment or modifications to 
existing wastewater treatment facilities to meet new effluent 
criteria, a programme of waste immunization should be initiated. 
Generally, waste minimization techniques are grouped into 
four major categories: 
a) Inventory management and improve operations 
b) Modification of equipment 
c) Production process changes 
d) Recycling and reuse. 
These techniques apply across a range of industries and 
manufacturing process and to hazardous and non-hazardous wastes. 
Waste minimization approaches developed by the U.S. EPA which 
reveal six major ways of reducing pollution are: 
1. Recirculation: In the paper board industry, white water 
from a paper machine is put through a save all to remove 
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the pulp, fiber and is recycled to various points in the paper 
making process. 
2. Segregation: Clean streams are separated for direct 
discharge concentrated or toxic streams are separated for 
treatment. 
3. Disposal: In many cases, concentration wastes are removed 
in a semi dry state. In the production of ketchup after 
cooking and preparation of the product, the kettle bottoms 
are usually flushed to the sewer. The total discharge BOD 
and suspended solids are markedly reduced by removing 
this residue in a semi dry state for disposal. In breweries, 
the secondary storage units have sludge in the bottom of 
the vats which contains both BOD and suspended solids. 
Removal of this as a sludge rather than flushing to the 
sewer reduces the organic and solid load for treatment. 
4. Reduction: It is common practice in many industries, such 
as brewise and dairies, to run houses continuously for clean 
up purpose. The use of automatic cut off substantially 
reduces the wastewater volume. 
5. The use of drip pans to catch products, as in a dairy or ice 
cream manufacturing plants, instead of flushing the 
material to the sewer reduces the organic load considerably. 
6. Substitution: Substitution chemical additive with a lower 
polluting effect in processing operation e.g. substitution of 
surfactants for soap in textile industry. 
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Industrial wastes:-
The liquid wastes resulting from the manufacturing and 
industrial processes which utilize moderate to large quantities of 
water are termed industrial wastes. Industries that adopt anhydrous 
processes do not give rise to liquid wastes. The term industrial 
wastes is generally restricted to liquid wastes which by reason of 
their colour, solid content, inorganic or organic content, salinity, 
acidity, alkalinity and other toxic characteristics create problems of 
stream pollution or solid pollution in case they are used for 
irrigation. 
Because of the large water requirement of many industries 
and the need of water for power generation and cooling purposes, 
industrial establishment and factories are often located on the 
banks of river, lakes and other water bodies. These industries 
withdraw fresh unpolluted water from these water bodies and 
discharge wastewaters in them causing their pollution. 
The industrial wastes areas varied in quantity and polluting 
strength as the products and processes and the manufacturing plants 
from which they emerge. Some wastes like cooling waters are large 
in volume but carry little contamination, others are relatively small 
in quantity but are located with concentrated organic and inorganic 
substances. 
Industrial wastewater flow:-
The design flow for industrial complexes generally consist 
of the following: 
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1. Base process flows resulting from normal production 
operations. 
2. Sanitary sewage. 
3. Contaminated storm runoff. 
4. Other sources (extraordinary dumps, tank draining, ballast 
discharge). 
The base flow and sanitary contribution are measured in 
open channels or closed conduits by a variety of methods, such as 
automatic metering devices, weirs or less sophisticated devices. 
Within the last decade, contaminated storm runoff has 
become an area of increasing concern within industrial complexes 
storm flow is intermittent and unpredictable, and little data has 
been collected to typify its characteristics. The level of flow and 
degree of contamination varies within the installation because of its 
geometric characteristics which influence patterns of surface 
runoff. 
River Pollution due to Industrial Wastes:-
The discharge of crude or partially treated sewage, 
industrial wastes, mine waters and agricultural wastes into a river 
constitutes by far the commonest sources of river pollution. 
Chemical pollution due to the presence of organic or inorganic 
substances is, in general the commonest type of river pollution. The 
organic pollution is due to the presence of proteins, fats, 
carbohydrates and other organic substances and materials found in 
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sewage and industrial wastes. Most of the organic compounds and 
materials are broken down by micro-organisms present in river 
water and dissolved oxygen is used up in these reactions. If organic 
pollution load is small and the dilution by well oxygenated stream 
water is high, sufficient dissolved oxygen may be present to enable 
aerobic bacteria which require free oxygen to breakdown the 
organic matter completely to relatively harmless and odourless end 
products. The river, thus, recovers naturally form the effects of 
pollution and is said to have undergone, self purification. However, 
massive pollution by organic matter cause exhaustion of the 
dissolved oxygen. 
The remaining organic matter is then broken down by a 
different set of bacteria (anaerobic bacteria) which do not require 
free oxygen but can utilize combined oxygen in the form of 
nitrates, sulphates, phosphates, organic compound etc. Putrefaction 
then occurs, resulting in the breakdown of organic matter to a 
different set of end products, some of which have objectionable 
odour. 
/ _ _ 
Many industrial wastes contain corrosive inorganic acids or 
alkalis which can do extensive damage to a stream by breaking 
down its natural buffer system and altering its normal pH value. 
Acids and alkalis can destroy bacterial and other micro-organisms 
and so inhibit or even prevent self purification of a stream. 
The commonest toxic inorganic substances are free chlorine, 
ammonia, hydrogen sulphide and soluble sulphides and the salts 
many heavy metals (e.g. copper, zinc, lead, nickel, vanadium, etc.). 
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Any appreciable amount of these compounds may hinder self 
purification of the rivers and may even kill fish and other aquatic 
lives. 
The dissolved solids or the soluble salts which are 
commonly found in rivers include chlorides, sulphates, nitrates, 
bicarbonates and phosphate of sodium, potassium, calcium, 
magnesium, iron and manganese. In small concentration these are 
harmless to fresh water fish but in larger amounts these may cause 
corrosion of pumps, pipeline and other structures made of metal or 
concrete. 
Many industrial wastes discharged to a river have a 
pronounced colour which they may impart to the river. The colour 
is due in most cases to organic dyes, but there are some highly 
coloured substances of mineral origin especially compounds of iron 
and chromium. Interaction between two different industrial wastes 
in a river or between an industrial wastes and substances present 
naturally in the river, can some times produce quite an intense 
colouration. One example of this is the reaction between mine 
water and the natural bicarbonate alkalinity of a river to be given 
an unsightly reddish-brown opalescence and eventually a deposit of 
ferric hydroxide. 
An important physical characteristic of sewage and most of 
the industrial wastes is their degree of cloudiness or "turbidity" 
which is caused by the presence of either some colloidal matter of 
very finely divided suspended matter which settles only with 
difficulty. As a rule, the more pronounced the turbidity, the stronger 
64 
is the sewage or industrial wastes and the worse is its effect upon a 
river. 
Bhaskaran, et. al. (1961)have reported the pollution in the 
river Gomti in different seasons. The water of the river Gomti 
received considerable pollution load from the communities and 
industries located on the bank of the river. 
Concentration of various organic pollutions and their 
harmful effect on fish have studied in detail and reported by Verma 
and Dalela (1980) in Kalinadi. Recent report offish kill and arsenic 
poisoning in Ganga river water near Calcutta is reported by Das 
Gupta (1984). 
Induced metal pollution in the Kanpur-Unnao industrial 
region of Ganga plain reported by A.A. Ansari, I.B. Singh and H.J. 
Tobschall in (1999). The drainage of Ganga plain has been used for 
the disposal of domestic and industrial wastes which has adversely 
affected the quality of water, sediments and agricultural soils of the 
area. 
The similar study of river pollution due to municipal and 
industrial solid waste reported by R.V. Bhoyar, S.K. Titus, A.D. 
Bhide and R Khanna in (1996). 
Water quality in and around an industrialized suburb of 
Pondicherry have been studied in detail and reported by S.A. 
Abbasi and Vinithan in (1999). 
Water pollution due to discharge of industrial effluents in 
Venkatapuram area reported by N. Subba Rao, V.V.S. Gurunadha 
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Rao, C.P. Gupta in (1996). They reported a high concentration of 
some major chemical constituent of industrial wastewater like Na, 
CI, and SO^. 
An evaluation of the influence of channel process (erosion, 
accumulation, processing of channel sediments) on the dispersal of 
heavy metals in bottom sediments was carried out in the channels 
of the Sztola and Biala Przemsza rivers in upper Silesia, Poland. 
The polluted material is accumulated in these stream course and 
mixed with nearly homogenous sandy sediment derived from 
erosion of the river banks and bed. Because these alluvia are easily 
set in motion, the distribution of heavy metal concentration in the 
channel interaction <lmm reflects difference in physical processes 
of sedimentation in its cross section (D. Ciszewski in 1998). 
Degradation of river Mandakini due to organised community 
or urban settlement, wastewater generated from various beneficial 
uses of water like domestic, commercial, industrial etc. are 
collected through an discharged into the natural drainage area at a 
particular point and constituted point source of pollution (G.D. 
Agrawal and O.K. Khannan, 1996). 
Taori, et al. (1983) discussed that dairy effluents in Nagpur 
are readily putrescible and cause considerable nuisance and 
pollution, when discharged in the inland water bodies without 
adequate treatment. Singh, et al. (1983) revealed that effluents from 
Vanaspati ghee plant in Jaipur have oils and high BOD. 
Badrinath, et al. (1993) and Joshi (1982) have studied the 
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textile wastewater (3500m-') who printed out that the colour to the 
main water body was due to the use of various dyes, high pH and 
BOD values (1500 mg/1). 
Daneshwar, et al. (1982) have discussed that wastewaters 
have high pollution load due to inorganic sulphate, suspended 
solids, BOD and COD. This wastewater discharged into the Hoogly 
estuary from Titaghur paper mills at Kankinara in West Bengal. 
The effect of Baghdad city on the water quality of the Tigris 
river was studies by Mutlak et al. (1980). The chemical and 
physical characteristics of the quality of water for irrigation was 
studies in detail. Baghdad city was responsible for increasing the 
water salinity from 390 to 443 mg/1. They found that the total 
hardness and turbidity was also increased when the river passed 
through Baghdad. 
Industrial Growth:-
The growth of industries in Delhi after independence has 
closely followed the rise in the population. The total number of 
industries in Delhi was around 18500 in the year 1961 which 
steeply increased to about 93000 by 1993 (CPCB Publication, 
NAAQM/8/ 1996-97). A rapid growth in the number of industries 
was encouraged due to availability of facilities and various 
incentives. After 1993 the growth of industries in Delhi was almost 
constant due to high cost of land, strict compliance of 
environmental protection/pollution control laws, development of 
suitable industrial area in the adjoining cities e.g. Noida, 
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Ghaziabad, Faridabad etc. The fast industrialization resulted in a 
mixed and unplanned landuse causing deterioration in living 
conditions and the quality of the environment in the city. 
The system of licensing and landuse regulation has been 
attempted to bring some discipline in the location of industrial units 
through zonal planning and identifying about sixteen industrial area 
exclusively for industrial activities. This has been more or less 
successful in containing new industries in such designated areas. 
But the units which were already scattered in non-designated areas 
continue to remain in operation. 
Types of Industries and their Products:-
The area under study is highly industrialized, argiculturally 
productive and densely populated. A wide varieties of industries 
have developed during the course of last 30 years, which released 
untreated industrial wastes into rivers, streams, canals, pits, ponds 
and logoons, thereby enabling the wastes to migrate down to the 
ground water table. There has been an increasing pollution in 
Yamuna river in the vicinity of industrial units. Many large and 
small scale industries are located in the Yamuna suburban area, 
which are grouped as follows: 
1) Rubber and plastic industries 
2) Chemical manufacturing industries 
3) Paint and varnish industries 
4) Soap, powder, detergent and glycerine manufacturing 
industries. 
5) Metal, non-metal and alloys manufacturing industries. 
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6) Cotton textile mills. 
7) Pulp and paper industries 
8) Hydrogenated oil manufacturing industries. 
9) Dairy and food products 
1) Rubber and Plastic Industries :-
There are various and plastic industries in NCT Delhi 
whereas rubber production results in high BOD and COD, bad taste 
and odour, chemical, viz. butadiene, styrene in soap solution and 
are coagulated with an acid brine solution, hydrocarbons and 
organic compounds as well as various reagents. 
2) Chemical manufacturing Industries :-
In this area more chemical industries which are producing a 
wide variety of various water pollutants by manufacturing of 
various chemicals such as acid, bases, synthetic fabric, pesticides, 
detergents and other organic, inorganic compounds in NCT Delhi. 
Recently, mercury lead and arsenic metals have caused great 
concern in chemical manufacturing wastes. 
3) Paint and Varnish Industries :-
There are many paint and varnish manufacturing plants in 
NCT Delhi which are using various chemicals and minerals. Major 
part of these effluents is discharged on the land. 
4) Soap, Powder, Detergent and Glycerine manufacturing 
Industries:-
In this area various soap, powder, detergents and glycerine 
manufacturing industries which uses various chemicals, such as 
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acids and bases, pesticides, detergents and other organic and 
inorganic compounds in NCT Delhi. 
5) Metal, non-metal and alloys manufacturing Industries:-
In this area various metal and non-metal industries like iron 
steel industries, alumina and other metal industries, steel mills 
produce wastewater by using cool, washing of blast furnaces, fuel 
gases etc. The wastewater and solid wastes tend to be acidic and 
contain cyanogen, phenol, ores, coke, limestones, alkali, oil, fine 
suspended solids and various trace metals viz. chromium, lead, 
nickel, cadmium, zinc, copper, silver etc. 
6) Cotton textile mills:-
Which are used in cotton textile mills are chemicals, viz. 
enzymes, detergents, caustic soda, bleaching powders, 
H^OjNa^COj, sulphar and naphthol and other dyes. The wastes 
from textile mills have the significant pollutants like BOD, COD, 
dissolved solids, suspended solids, various heavy metals, viz. 
copper, zinc, chromium etc. The water consumption works out to be 
about 108 litres per kg of finished cloth major part of these wastes 
are regularly being discharge in the inland water bodies without 
adequate treatment. 
7) Pulp and Paper Industries:-
Pulp and paper industries require of one tone paper is 1100 
kg chemicals (caustic soda, chlorine, lime, salt cake, china clay, 
talc, coating clay and alum) and 184 tones Bamboo and wood as 
raw materials for the production of one tonne of paper. The known 
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significant pollutants from the paper mills are BOD, COD, 
suspended solids, dissolved solids, bacteria, ammonia, sulphite 
liquid, pentachlorophenol and also other trace metals viz. copper, 
zinc, chromium, iron etc. For the production of one tonne of paper 
total pollution load contributed has been worked to be about 334 kg 
suspended solids, 149 kg COD and 75 kg BOD. Paper mills 
consume maximum quantity of water next to steel mills. About 360 
m^ of water is used in the production of one tonne of paper and 
about 50% of wood used as input which is eventually discharged as 
waste material. 
8) Hydrogenated oil manufacturing Industries:-
In these industries wastewater contains very high BOD 
value of the effluents to form a separate layer of oil in the surface 
which prevents its access to atmospheric oxygen and also dissolved 
oxygen. Significant pollutants are oil, ghee, grease, COD and BOD. 
9) Dairy and Food Products:-
There are several dairy factories in the NCT Delhi. 
Significant pollutants are pH, BOD, COD, dissolved solids, 
suspended solids, settleable solids in dairy product processing, etc. 
The dairy industry produces organic waste high in protein, fat, 
carbohydrates and lactose from mild and cheese processing. The 
production of cheese is an important BOD source. A number of 
biological methods are used to treat these wastewaters. The 
anaerobic packed bed up flow filters can serve as good and 
economic method for pre-treatment of dairy wastewaters. 
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Miscellaneous:-
Several other industries have also release a wide variety of 
pollutants in the study area. Leather and tannery wastes have high 
total dissolved solids, salt, sulphides, chromium, alkali metals etc. 
Polishing of optical glasses produce red wastes, while laundries have 
turbid wastes and both of them alkaline and contain organic solids. 
Radio-active wastes result from nuclear power plants, fuel 
processing plants, hospital and research laboratories, etc. 
Disposal of Industrial Wastes on Land:-
Of the three locations for the disposal of wastes, surface, 
atmosphere and land, land represents not only an appropriate 
disposal site for many wastes but also an opportunity to manage 
wastes with a minimum of adverse environmental effects. The 
application of manure, sewage sludge, municipal wastewater and 
industrial waste on land for both disposal and fertilizer value has 
been practised for centuries. The challenge is however, to utilize 
the chemical, physical and biological properties of the soil as an 
acceptor for industrial wastes with minimum undesirable effects to 
the crops grown on that soil, characteristics of the soil and to the 
quality of groundwater and surface runoff. The land cannot 
function as a neglected waste sink for ever. The soil and waste must 
be managed carefully as a total system to obtain the best use of this 
resource. 
The disposal of the wastes on the land is often a beneficial 
recycle. The industrial wastes contained in the municipal sludge are 
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disposed off directly to the land include materials mined from deep 
in the earth or chemical conversions of simple organic compounds. 
Many of these waste components can be foreign to the upper soil 
horizon. A control is, therefore, necessary in order to avoid 
biologically toxic concentrations of such materials in the upper soil 
phase. 
The land disposal of wastes incorporate organic and 
inorganic recycle and reuse. Little is known about the waste 
assimilative capacity to assimilate and treat wastes and to renovate 
wastewaters. This capacity is related to the soil characteristics, 
environmental conditions and crops to be grown. 
The growth of crop on the disposal area is important to the 
success of the use of land for waste disposal. A growing crop is 
essential to increase the rate of adsorption, evaporation and 
transpiration in order to avoid soil erosion. 
The potential treatment mechanisms in the soil are several. 
These include biological oxidation, ion exchange, precipitation, 
adsorption and assimilation into the growing plant. The biological, 
physical and chemical processes in a soil provide treatment of 
wastes that incorporates the factors and components of present day 
biological and advanced waste treatment methods for the municipal 
and industrial wastes. 
Potentially toxic elements in soils treated with urban solid 
wastes reported by K. Jeevan Rao, et al, (1999). The effects of 
tannery effluents on the soil composition and germination of tomato 
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seeds in soil and sand culture. The effluent used was first treated in 
trickling filters. Other types of effluents used were undiluted and 
unsedimented. The germination was badly affected with undiluted 
and unsedimented effluents while best good germination was noted 
in diluted effluent treated in trickling filter. 
Soil serves as a chemical filter (B.C.Ellis, 1974) chemical 
alteration (organic or inorganic) may lessen the environmental 
impact such as conversion of organic materials to COj, thereby 
reducing BOD carried in water or may increase environmental 
hazard such as conversion of organic nitrogen to nitrate. 
Soil as a biological filter, group of organisms (bacteria 
actinomycetes, fungi, protozoa, algae, soil micro-organism, 
macroanimal and higher plants) significant function of these 
organism is degradation of organic compounds of waste material 
applied to soils-significant of higher plant in renovation of liquid 
wastes on land has been well explained by Kardos and Sopper 
(1974). 
The sources of metal pollution:-
With the increasing use of a wide variety of metal in 
industry and in our daily life, problems arising from toxic metal 
pollution of the environment have assumed serious dimension. In 
general, it is possible to distinguish between different sources from 
which metal pollution of the environment originates. These sources 
have been described below; 
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1. Geological Weathering:-
This is the source of baseline or background levels. It is to 
be expected that in areas characterized by metal bearing 
formations, these metal will also occur at elevated levels in the 
water and bottom sediments of the particular area. Obviously, 
mineralized zones, when economically viable, are exploited to 
retrieve and process the ore. This in turn leads to disposal of 
tailings, discharge of effluents and possibly smelting operations 
which result in atmospheric pollution. 
Arsenic rich hot springs arising from geothermal activity 
feed the Waikato river of North Island, Newzealand. The submerged 
aquatic plants from the river were found to contain a maximum of 
650 mg kg'' dry mass as compared to arsenic levels below 12 mgkg'^ 
in plants growing in natural soil. 
Similarly, geothermal sources in north Island are a natural 
source enrichment. A comparative study (Weissberg and Zobel, 
1973) between the effects of mercury containing effluents from a 
pulp and paper mill into lake Maraetai and geothermal discharges in 
lake Rotorua, revealed the mercury accumulation in sediments from 
the industrial source did not exceed the enrichment in sediments 
from the geothermal source. It was, thus, concluded that mercury 
contamination of lake Rotorua is solely due to natural enrichment, 
especially since sediments from both lakes contained no apparent 
variation with increasing depth. 
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2) Mining effluents :-
The serious effects of mine effluents on the water quality in 
rivers and lakes, as well as on the biotopes, particularly on the fish 
populations, have been known for many years. One of the very first 
descriptions of this problem is the fifth report of the 1868 River 
Pollution Commission (Annon, 1874) in Britain, where especially 
grave damage was caused by the dispersal of toxic metals from 
lead, zinc and arsenic mines in Mid-Wales. The presence of lead, 
copper and zinc has caused a high mortality rate amongst fish and 
other living orgnisims in some welsh streams. 
Mine drainage does not occur only from the mine itself but 
also from waste rock dumps and tailing areas. The later two sources 
often contain a high concentration of sulfides or sulfo salts which 
are associated with most of the ore and coal bodies. 
3) Industrial effiuents:-
The disposal of industrial wastes is often conducted without 
critical appraisal of the losses incurred. Usually no consideration is 
taken with regard to the deleterious environmental impact upon the 
receiving water body. 
There are numerous sources of industrial effluents leading 
to heavy metal enrichment of the aquatic environment. The classic 
example is the discharge of the catalyst methylated mercury 
chloride into the Minimata Bay from a factory manufacturing 
plastic. The micro-organisms converted the sedimented compound 
to monomethyl mercury which led to the enrichment of this highly 
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toxic compound in fish. The fish was consumed by the local fisher 
folk and it resulted in the well known Minimata disaster. 
It appears that heavy metals are employed in widely 
diversified fields such as petroleum refining, steel and fertilizer 
production, etc. On the other hand, several industries function on a 
basis where only on specific heavy metal is involved for example, 
the use of chromium in the tanning industry. 
4. Domestic Effluents :-
The domestic wastewaters probably constitute the largest 
single source of elevated metal values in rivers and lakes. These 
effluents may usually consist of untreated or partially treated 
wastewaters and also the substances which have passed through the 
filters of biologic treatment plants, either solubilized or as finely 
divided particulates which are discharged to the receiving water 
bodies. Hellman (1972) has shown that between one third to one 
half of the suspended material load of the Necker river near 
Stuttgart (FRG) consists of water particulates from the domestic 
effluents. After deposition the suspended material, being rich in 
organic substances, leads to a high oxygen demand, which causes a 
deterioration of the water quality. Solid wastewaters particles may 
cause metal enrichment of the suspended load in the waters. The 
concentrations of copper, leads, zinc, cadmium, chromium and 
nickel reveal a marked influence of domestic effluents in the 
receiving waters. 
The use of detergents also creates a possible pollution 
hazard, since common house hold detergent products can affect the 
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water quality. Most of the detergents contain trace amounts of the 
elements like Fe, Mn, Cr, Na, Co, Zn, etc. 
5. Urban storm Water runoff:-
With regard to pollution resulting from the urbanized areas, 
there is an increasing awareness that urban runoff presents a 
serious problem of heavy metal contamination. Heavy rainfall in 
urban areas is no longer regarded as only a downpour of "rain 
water", since they often contain shock loads of contaminants. This 
is in accordance with the general finding that the first downpour 
contains the highest Pb content and most of the accumulated lead in 
paved areas is washed out within a short period of time. 
The potential contamination may occur during periods of 
storm runoff when trace elements resulting from atmopsheric 
emissions and subsequently deposited on various surface materials 
may be transported to the nearby drainage system. After monitoring 
heavy metals from two heavily urbanized watersheds at Lodi, New 
Jersey. Whipple and Hunter (1977) established high concentrations 
of lead, zinc and copper after a storm event. 
6. Atmospheric sources:-
Natural and man made processes have been found to result 
in metal containing airborne particulates. Depending on prevailing 
climatic conditions, these particulates may become wind blown over 
great distances, nonetheless they are subjected to the fate that they 
are ultimately returned to the lithosphere as precipitations by rain 
of snowfall. Tatsumoto and Patterson (1963) attributed high 
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concentration of lead in surface seawater of Los Angeles basin as 
compared to deeper waters to automotive aerosol fall out. 
Usage of Metals in every day life:-
The usage of metals by man goes back to the period between 
6,000 and 5,000 B.C. During those days, metals like gold, silver 
and copper were utilized simply as raw materials, cast bronze for 
statues was used since ancient times in Egypt and Greece. In middle 
ages, work in bronze, copper, brass, iron, lead and tin, reached a 
high level of artistic excellence. 
In India metals have been known since antiquity. In modern 
India, metals are being utilized in a variety of ways in industry, 
agriculture, food processing and house hold purposes. 
1. Industry:-
Metals and their alloys are used to a very large extent in 
heavy engineering industry and railways. Alloys of aluminium, 
cadmium and copper are used in the manufacture of railway 
wagons, carriage, automobiles, house-hold utensils, electrical 
fittings, packages and containers. Iron, maganese, nickel, tin, 
vanadium and zinc, individually or in combination are used in iron 
and steel industry. Iron is the backbone of modern industry. 
Metallic compounds of cadmium, leads and zinc find their use in 
paint and varnish industry, petrochemicals, battery manufacture, 
printing and "textile industry. Arsenic is used in dyestuff industry 
and to an extent in drugs and pesticides. The compounds of silver 
and mercury are used in photography and pharmaceutical industry. 
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2. Agriculture :-
Several metallic compounds like phenyl mercury acetate, 
arsenic chloride, arsenic trioxide, zinc cyanide and thallium 
sulphates are used in agriculture as insecticides, fungicides, 
herbicides and rodenticides. Mercuric chloride is also used as a 
disinfectant and for seed dressing. Manganese is used in the 
fertilizer industry. Zinc chloride and manganese dioxide are used in 
forestry as wood preservative. 
3. Cosmetics:-
Chinese used vermilion containing mercuric sulphide for 
ages. In India, vermilion prepared from lead chromate, is popular 
among ladies, Surma, which contains lead, is used by Indian 
children and women. Silver tinamalgam and pure silver is used by 
dental surgeons for filling dental cavities. Zinc oxide find its use in 
ointments, creams and other cosmetics. 
4. Food Processing:-
Nickel is extensively used in the food handling plants as 
catalyst in hydrogenation of fats and oils. Tin cans are utilized for 
packing and storing the processed food. 
5. Medicines:-
Mercury and its salts have been used as medicine in India 
since ancient times. Mercury was used in 1000 A.D. by the Arabs 
who applied it as medicine in skin diseases. Later, it was used as 
cathartic, antiseptic and diuretic. Arsenic was a therapeutic agent 
as early as 400 B.C. An inorganic arsenic compound, known as 
"Fowler's solution has been used for the treatment of leukaemia. 
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The overall distribution of the heavy metals indicate that 
they are not within the permissible limits, due to high industrial 
activity in the study area like South Nizamuddin bridge, old yamuna 
bridge, Mahila colony, Gandhi nagar, Kishan ganj, Bishambar 
Ashram, Rajghat barrage, Okhla barrage, South Shakarpur, Nangli, 
Salempur, Majnu Ka Tila, Yudhuster setu specially adjoining the 
areas near the industries and canal, indicating the effects on water 
and soils. 
Sources of Agricultural Pollution :-
Pollutant loads from agricultural proudction operations 
depend on many factors including land use, type of crops, crop 
rotation, soils on which crops are grown, topography, climatic 
conditions etc., farming technology, irrigation and drainage timings, 
location of chemical or fertilizer applications, cultivation practices 
etc. Potential environmental quality problems due to agricultural 
operations more often depend on the production practices and waste 
management techniques utilized by farmers than the size of the 
operation, the number of animals, or the amount of waste. 
There are several ways to classify sources of agricultural 
pollution. One approach is to identify the primary pollutants 
associated with different agricultural land uses. Pesticides used 
primarily in cropland and orchards or nurseries, salts derived from 
irrigated areas and pathogens derived from operations that involve 
animals etc. are the main sources of pollution of water in the study 
area that fall in this category. 
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In addition to pollutants transported by runoff subsurface 
water, agricultural land use activities in or adjacent to streams have 
negative impacts on water quality. Draining low lying areas 
(generally wetlands) for crop production has profoundly affected 
the physical state of the land scape. Loss of riparian vegetation 
through clearing, loss of a natural high water table from drainage, 
and loss of the flood buffering capacity in low lying areas, result in 
stream system that is more-flood-prone when wet and more brought 
prone when dry. Loss of consistent stream base flow is one of the 
most detrimental change affecting the reproductive habits of most 
aquatic organisms. 
A second approach to classify the sources of agricultural 
pollution is on the basis of the type of pollution generated by the 
source. The two types of pollution, point source (PS) and non-point 
source (NPS) differ in method and frequency of discharge to water. 
Point-sources discharge directly to surface waters from a definite 
pipe or ditch and to ground water at a specific recharge or well site. 
In contrast, non point sources include land surfaces, such as 
cropped field and parking lots. Discharges from point-sources are 
generally the result of relatively continuous human activities, such 
as industrial processes, wastewater treatment and food processing. 
In contrast the frequency of non-point source pollutant discharge 
depends on precipitation and climatic conditions that lead to runoff 
and water percolating through the soil profile. These characteristics 
of point source and non-point source pollution influence the 
methods used to control each type of pollution. Point source 
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controls in general include biological, physical and chemical 
treatment processes for polluted waters. Non point source control 
include, management of vegetative and structural measures on the 
land. Point sources are often regulated by discharge permits, 
whereas non-point source control is primarily voluntary. 
Agricultural activities include both point and non-point 
sources of pollution, although the majority of agricultural sources 
are non-point sources. 
Pollution Control :-
Approaches for controlling pollution are divided into 
prevention, mitigation and treatment. Prevention is controlling 
pollution at the source, i.e. eliminating or reducing the generation 
of the pollutant. Mitigation focuses on reducing the amount of 
pollutant delivered to surface or ground waters, often by inserting 
measures between the pollutant source and the receiving water. 
Treatment typically involves collecting and treating the polluted 
water to achieve some levels of water quality that depends on the 
intended use of water. For example, water for drinking must meet 
higher quality standards than water for some industrial processes. 
The most appropriate control measure are a function of the 
particular pollution situation, including the pollutant, the source 
and the intended end use of the water. For example, the approach 
used to control many point sources is to reduce the generation of 
the pollutant (elimination is often impossible), then treat the 
polluted water before it is discharged into receiving water. In 
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contrast, non point source control tend to focus more then on 
prevention and mitigation. 
A large portion of generated agricultural pollution is 
subjected to photosynthetic food chain and consumed, hence never 
reaches to the river. Moreover, the cattle originated BOD load is 
mostly utilized by the rural population either as fuel or manure. The 
agricultural residues generated as waste in the rural areas are 
subjected to saprotrophic food chain and hence, degraded naturally 
and not contributing to the river population. However, little part of 
it may reach to the river along with monsoon run-off. Fertilizer 
consumption in New Delhi in the agricultural areas under Yamuna 
basin for 0.7 lakh hectare land is 14350 tones/year. 
A large quantity of commercial fertilizers applied for 
agriculture in Yamuna basin, falls in the northern region. The use of 
fertilizer has gradually increased from approximately 12kg/ha 
(during 70S) to 61 kg/ha (in 90S). The application of fertilizers 
increase the amount of pollutants that could be lost potentially from 
agriculture. 
The transport of fertilizer and pesticide residues from 
agricultural fields to the river occur through the transport medium, 
which is mainly water available through rain and irrigation return 
flow. Thus, during non-Monsoon period the contribution of 
fertilizers and pesticides is not very significant. The fertilizers and 
pesticides applied for agricultural purpose mostly reaches to river 
during rain season. These are generally absorbed by the soil 
particles and thus, moves along with these particles. Thus, the 
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magnitude of such contribution is directly related to the amount of 
suspended particles in the run-off water and intensity of application 
of these chemicals. It is difficult to assess or quantify accurately 
such contribution due to large number of factors involved. It has 
been estimated that 10-15% of the nutrients added to the soil 
through fertilizers eventually find their ways to the surface water 
system (Alderfer and Lovelace, 1997). 
Pollution load generation-Other sources:-
The commercial activities, service, shops, institutional 
areas, offices and floating population in an urban area require 
considerable quantities of potable water and thus, led to the 
generation of waste water in addition to regular municipal and 
industrial pollution load generation. 
The direct quantification of pollution load generation 
through the above identified sources is difficult since these are not 
uniformally distributed as well as their magnitude is different. 
Therefore, in order to ascertain total pollutional load generation, an 
indirect approach is adopted. 
The total quantity of wastewater generated within each 
sewerage zone can be estimated assuming 80% of water consumed 
is returned as wastewater. The domestic and industrial contribution, 
from their sources is found out and deducted from total estimated 
wastewater generation. Further, it is assumed that the nature of 
sullage from sources like shops, offices restaurants, hotels, garage, 
non-shops etc. is more or less similar as that of domestic sources. 
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Hence, a factor of 275 mg/l was derived from the nature of 
domestic wastewater (flow= 181.18 Ipcd) can be adopted to estimate 
the BOD load generated from other sources. Sewerage zone wise 
generation of wastewater and pollution load from other sources has 
been depicted in Table-11. 
Table-n 
Sewerage zone-wise estimated tieneration of wastewater and 
pollution loads from other sources (excluding new colonies) 
SI 
No 
1 
2 
3 
4 
5 
Sewerage 
Zone 
Okhla 
Keshopui 
Rithala 
Coronation 
pillai 
Sliahdara 
Total 
Estimated 
water 
quantity 
used 
(MLD) 
972 
488 
499 
112 
477 
2548 
Estimated 
total waste 
water 
generation 
(MLD) 
708 69 
413 74 
399 04 
89 26 
382 04 
2082 77 
Lstimated 
domestic 
sewage 
generation 
(MLD) 
566 69 
291 09 
350 42 
82 45 
339 43 
1630 08 
l^stim.ited 
industiial 
discharge 
(MLD) 
10 0 
28 53 
30 39 
2 48 
10 0 
81 40 
I stim.itcd 
dischaige 
Iroin 
other souice 
(MLD) 
220 00 
94 12 
18 23 
4 V, 
32 61 
371 29 
1 slimated 
BOD load 
tiom 
other source 
(MLD) 
6"> 80 
25 88 
5 01 
1 87 
8 97 
105 53 
Source Assessment and development of River Basin Series 3 2/1999-2()()()/CPCB/ 
Delhi (Central Pollution Control Board) 
Overall situation of pollution load generation:-
The pollution loads in terms of BOD (MT/day) from 
domestic, industrial activities and from other sources has been 
quantified. From this, the total pollution loads discharged 
within each sewerage zone has been estimated and depicted in 
Table-12. 
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No definite trend in water quality has been observed, 
although pollution load has gradually increased possibly due to 
following reasons: 
1. There is no fresh water flow in many stretches of the 
river during dry weather, only wastewater flows in 
such stretches. The wastewater with almost constant 
quality over a period of time will not show any trend 
in the river water quality in such stretches. 
2. The abstractive uses of surface and groundwater in the 
catchment area of the river are need based. There is 
drastic reduction in the water use, if there is rainfall 
in the command area of the canal used for irrigation, 
resulting in less abstraction of water and more flow in 
the river leading to more dilution of pollution and 
better quality. The rainfall in non-monsoon period are 
highly unpredictable and irregular, therefore, such 
water quality changes are also irregular. The 
monitoring has been undertaken on regular basis and 
such irregular changes are encountered many times 
leading to irregular water quality trend. 
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Table-12 
Sewerage zone-wise estimated generation of Bio-chemical 
oxygen demand (BOD) Loads 
SI. 
No 
1. 
2. 
3, 
4. 
5. 
Sewerage 
Zone 
Okhla 
Keshopur 
Rithala 
Coronation Pillar 
Shahdara 
Total 
Estimated 
domestic 
BOD load 
(MT/day) 
156.39 
80.33 
96.71 
22.75 
93.67 
449.85 
Estimated 
industrial 
BOD load 
(MT/day) 
9.41 
80.65 
33.04 
0.63 
3,54 
127.32 
Estimated 
load from 
other sources 
(MT/day) 
63.80 
25.88 
5.01 
1.87 
8.97 
105.53 
Estimated 
total BOD 
load 
(MT/day) 
229.60 
186.86 
134.76 
25.30 
106.18 
682.70 
Source: Assessment and development of River Basin Senes/32/1999-2000/ 
CPCB/Delhi. 
Trend in pollution load contribution:-
The trend in pollution load contribution between 1982 to 
1989 in terms of BOD load generation in Delhi stretch is presented 
in Fig.-11. The data for flow measurement in drains for the year 
1992-94 are missing, since the monitoring was discontinued. 
There is continuous increase in BOD load contributed to the 
river from 117.3 tones/day in 1982 to 211.0 tonnes/day in 1998. 
There is significant increase in annual average contribution during 
year 1983, 1986 and 1996 in comparison to its proceeding year may 
be due to contribution of high BOD loads along with run-off water. 
Wastewater Disposal:-
A total of 2083 MLD wastewater is generated within 
sewered areas of Delhi. Even in the sewered areas, all sources of 
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wastewater (including households are not connected to the 
sewerage system). As a result, a significant volume of wastewater 
generated remains untrapped and find its way into the open drains. 
The five sewerage zones of Delhi are catered by five major 
sewage treatment plants and two oxidation ponds having total 
capacity of about 1473 MLD (as on June, 1999). While, each of 
these zones have one major STP each, Okhla and Rithala zones are 
served by an oxidations pond each namely Vasantkunj and Timarpur 
respectively, but they are also considered as STPs for discussion. 
The total treatment capacity of treatment plants are inadequate and 
hence the significant amount of wastewater having high BOD load 
is bound to flow untrapped. The treatment capacity created and 
growth in wastewater generation (within sewered areas) in last 4 
decades has been presented in Fig. 12. 
The total amount of BOD, which is released by direct house 
connections or through the open drains does not reach to the STPs 
in the same quantity, but gets exerted due to decomposition of 
organic matter during course of travel. The extent of exertion can 
be indicated by the BOD concentration in the sewage at the inlet of 
each STP. The treatment of STPs provided for the reduction of 
BOD load upto an extend of 90% depending on the number of 
stages of treatment but such efficiency are practically difficult to 
maintain. 
The treatment effluent from STPs other than what is 
withdrawn for irrigation purposes, joins nearby water bodies. The 
discharge from Okhla STP goes to Agra canal and from Vasant Kunj 
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oxidation pond to Kushak, BarapuUa drain. The effluent from 
Shahdara STP finds its way into the Shahdara drain, whereas all 
other STPs and Timarpur oxidation pond finally discharge into the 
Najafgarh drain either directly or through various sub-drains. The 
wastewater not trapped for treatment in STPs find its way into 
various drains and sub-drains from their respective catchment areas 
and discharged into the river Yamuna (Table-13). 
Najafgarh drain receives maximum wastewater discharge 
followed by Agra Canal and Shahdara drain. Out of total 2723 
MLD, 2249 MLD wastewater containing 192.74 MT BOD finds its 
way to river Yamuna within Delhi through six major drains. 
Site selection criterion for Wastewater Disposal:-
Considerable attention must be given to the site selection 
and land management to be assured that the irrigation area will not 
be chemically degraded and agricultural productivity destroyed. 
Knowledge of the soil, geology and hydrology may be of significant 
help when selecting sites for wastewater renovation to ensure that a 
high degree of renovation is achieved for a prolong period to ensure 
that ground water recharge of reuse can be achieved and to 
minimize secondary environmental problems that may result from 
wastewater irrigation projects. 
The concentration of harmful trace elements and toxic 
substances not likely to be removed into the renovation media will 
have to be controlled in irrigation water or reduced or eliminated in 
advanced land disposal. Extensive soil water and groundwater 
pollution and pollutants can persist for generations within the 
subsurface. 
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It is therefore suggested that a detailed report pertaining to 
the resource position, drainage soil type and chemistry, population 
intensity, social status and other elements of environmentally 
compatible micro-level planning of that very region be made before 
establishing any major/minor industry of any industrial complex. It 
would not only help in combating pollution but would also help in 
maintaining a balance in the various ecosystem units and the 
selection of proper disposal sites. 
95 
tet-
CHAPTER - VII 
POLLUTION INDICATORS 
Agriculture is one of the world's major economic activities, the 
importance of agriculture is increasing because of the need to 
produce more food for growing population, expand income for 
rural populations and generate foreign exchange through trade in 
agricultural products. Agricultural output has increased dramatically 
through better crop varieties and livestock breeds, increased use of 
irrigation, beef, poultry, pork and dairy enterprise etc. are 
increasingly produce in confinement systems where production 
condition are carefully controlled to enhance livestock growth and 
output. Although increased output has raised producers income and 
kept prices low for consumers, it has resulted in increased 
pollution. 
Pollution damages to soil and water quality are a concern 
because of the large scope of agricultural and because society 
requires continued increase in agricultural output to meet growing 
world food needs. 
Nitrogen, potash and phosphorous are essential plant nutrients. 
In order to improve crop yields, many farmers are using synthetic 
fertilizers which include interalia urea, ammonium sulphates, 
ammonium phosphate, super phosphates, KCl and K^SO^ etc. 
Except the synthetic fertilizers farmers are also using the various 
pesticides which are chlorinated hydrocarbons, organo-phosphates 
or sulphonates with some inorganic compounds. The use of 
synthetic fertilizers and pesticides have undoubtedly contributed 
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crop yield and to human health, but have also produced a number 
of adverse effects including widespread pollution of natural 
environment accompanied by damage to marine and inland 
fisheries, beneficial insects and occasional over poisoning to man. 
Problem can arise from over use of the agricultural chemicals 
because of a part of this added fertilizers is taken up by plants, 
some may be immobilized in the soil and or by volatilization or lost 
by erosion, runoff and partly may be leached down to saturated 
zone along with return irrigation flows. Excessive and unscientific 
use of nutrients and pesticides may cause water and soil pollution. 
Phosphorus and Potash fertilizers are readily absorbed on soil 
particles and seldom constitute a pollution problem. Nitrogen on 
the other, is partially used by plants or absorbed by soils. 
However, with introduction of high yielding varieties and a 
desire to get the maximum yield from the soil, the use of synthetic 
nutrients and Pesticides have become inevitable, hence an early 
remedial solution is necessary to prevent the various pollutional 
hazards in the area. 
Sediment:-
Sediment refers to the soil particles that are detached and 
transported by soil erosion, than deposited else where on the land 
or in surface water. Erosion is a natural process caused by water 
(raindrop impact and flowing water) and wind. Significant 
quantities of sediment are moved without any human influence. 
The type of erosion of concern to agriculture is accelerated erosion 
caused by land disturbing activities, the relative erosion rate per 
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unit area from various land uses on nonfederal land in U.S. 
including cropland, pastureland and rangeland, about 4,1 billion 
metric tones of soil are moved annually by soil erosion. About 40% 
by water and 60% by wind. Approximately 66% of the water 
erosion and about 34% of wind erosion occur on cropland. 
Erosion and the resulting sediment are detrimental to both the 
land resources that is eroded and the water body to which the 
sediment is delivered. Erosion depletes the land resource by 
removing top soil, leaving shallower, less fertile soil. Detrimental 
effects of sediments in receiving waters include deterioration or 
destruction of aquatic habitat, deterioration of aesthetic value, loss 
of storage capacity in reservoirs and accumulation of bottom 
deposits that inhibit normal biological life. 
When excessive amounts of nutrients are added to a water 
body, however, negative impacts result and most concern with 
respect to water quality are N and P. 
Some of the related physical and chemical changes caused by 
advanced eutrophication include pH variations, oxygen fluctuations 
or lack of oxygen, waste excretions by some algae, and increased 
turbidity. These changes interfere with recreational and aesthetic 
uses of the body of water and also cause a shift in fish and shell 
fish populations from better quality fish to rough fish. In addition, 
taste and odour problems caused by algae make water less suitable 
for potable use and contact recreation, when the concentration of 
Phytoplankton algae exceeds a certain limit. Threshold nuisance 
value during the late summer period is termed as algal bloom. 
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Nitrogen Fertilizers :-
Various forms of N exist in soil, plants, animals and 
atmosphere. The largest quantity of N in soil occurs as organic N. 
Most organic N is not directly available to plants. Whereas 
inorganic forms, particularly ammonium (NH^) and nitrate (NO3) 
are available. N is transformed between organic and inorganic 
forms through processes that constitute the N cycle. 
The N cycle in soil is divided into immobilization and 
mineralization. Immobilization of N in soils results from physical, 
chemical attractions chemical precipitation from insoluble N salts, 
biochemical reactions and N uptake by soil organisms and plants. 
Immobilized N is temporarily held and is not free to follow 
additional N cycle pathways. Mineralization is the conversion of 
ogranically bound N to inorganic mineral forms (NH^ and NO3). 
Microbial decomposition of organic matter results in producing 
NH^ (ammonification), which with at suitable temperature, is 
oxidized to nitrate (NOj) and then to NO3 (nitrification). Unless the 
nitrate forming bacteria is inhibited, practically no nitrite 
accumulation occurs. Products of mineralization are susceptible to 
further transformations including volatilization, denitrification and 
leaching, resulting in losses or outputs of inorganic N from the soil. 
Ammonium ions are held to the cation exchange sites in soils 
and are available for plant use. Nitrate ions are soluble in soil 
water. 
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Table-14 
Representative rate of Erosion from Various land uses 
Land Use 
Forest 
Gross land 
Abandoned Surface 
mine 
Cropland 
Harvested forest 
Active surface-mine 
Construction 
Metric Tones per 
km^ per yr 
63 
63 
630 
1260 
3150 
12600 
12600 
Tones per 
mi^  per yr 
18 
180 
1800 
3600 
9000 
36000 
36000 
Relative 
forest= 1 
1 
10 
100 
200 
500 
2000 
2000 
Source V. Novotny and H. Olem water Quality Prevention identification and management 
of diffuse pollution van Nostrand Rcinhold. New York l')94 
Mineralization occurs most commonly when plant and animal 
residues are added to soil. Although only 2-3% of which is 
immobilised annually, the release of N to inorganic forms has long 
supplied a significant portion of crop needs and is about 60 kg/ha 
per year for a representative surface soil in humid temperate 
regions. In arid soil, mineralized quantities are less, except in 
irrigated areas that receive large inputs of plant residues. 
Presence of excessive nitrate in potable water has been 
correlated with occurrence of methemoglobinemia (blue baby 
diseased). Similar to man, livestock are also subject to adverse 
effects when they consume water that contain high nitrates 
although concentration of nitrates producing deleterious effects 
varies with type of animal species. Most health authorities have 
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limited nitrate content of potable water to be around 50 mg/lNOj 
(WHO. 1971 and ICMR, 1975) but in Denmark and 
Czechoslovakia the limit is 25 mg/1 (Nilsson and Renuek, 1975). 
For live-stock use, the (USEPA, 1973) suggested a limit of lOOmg/lNOj 
The ideal dose of N-fertilizer to grow more food grains, is 100-120 
kg per hectare. Addition of more quantity of N-fertilizer 30 kg/ 
hectare to grow wheat after Paddy crop is often added. 
Phosphate Fertilizers :-
The important phosphate fertilizers are monocalcium 
phosphate (CaH^PO^) dicalcium phosphate (Ca2(HPO)2), 
ammonium polyphosphate and di and tri superphosphate 
Phosphorus (P) is also essential for plant growth. Some of the 
significant plant functions affected by P are photosynthesis, 
biological N^ fixation, crop maturation and root development. The 
P "cycle depicts the interactions in the favourable form of P with 
microbes, plants and animals. Phosphorous is one of the least 
mobile elements of plants nutrients. The phosphorous which is not 
taken up by plant is fixed in soil zone especially in the presence of 
aluminium and iron oxides. Calcium phosphate is quickly 
precipitated, if calcium is available in the soils. Phosphate in the 
soil is transported to plant by diffusion over a very short distance 
and not of water because of its low solubility. The loss of 
phosphate in water is not significant, especially in relation to 
quantities released from municipal and industrial waters. 
Phosphorous in soil and surface water is classified as sediment 
bound or soluble and as organic or inorganic soluble P includes. 
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Orthophosphates, inorganic, polyphosphate and some organic 
forms. The organic P fraction in soils varies from 20 to 80% 
depending on microbial activity, clay mineralogy, pH and the 
addition of soil amendments. 
Sediment bound P is classified into the following groups. 
1) Adsorbed-labile and exchangeable P. 
2) Organic - Phospholipids, nucleic acids, Inosital phosphates 
and other unknown forms. 
3) Precipitates - Insoluble phosphate of calcium, iron and 
aluminium. 
4) Minerals - Simpler phosphate compounds of calcium, iron 
and aluminium. 
The bulk of native P is unavailable to plants (insoluble) 
because 98-99% is associated with primary or secondary minerals 
and soil organic matter and 1-2% is in microbial tissue. Because 
only about 0.01% is in soluble form, fertilizers and manures 
containing soluble forms are applied to supplement available soil P 
for plant uptake. 
The other less documented aspect of P buildup involves the 
transport of P into ground water. There are evidences of dissolved 
P movement into ground water through sandy and peat soils in 
Florida and Netherland. Total P losses from subsurface tile 
drainage range from 3 to 10 kg/ha per year. 
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Phosphorus Chemistry and Its Sources In Soil :-
The application of inorganic phosphorus fertilizers in the soils 
usually results in an initially rapid rise in soluble phosphorus as 
PO^. However, this situation change rapidly and even of the 
solution diffusing out of a pellet of granular superphosphate placed 
in a moist soil has phosphate concentration of about 4 moler. Its 
concentration a few millimetres from the granules may be only 10"' 
to lO'*^  molar (FAO 1972). The phosphate ions are thus rapidly 
immobilized in soil either through absorption on the surface by 
hydrated oxides of iron, aluminium silica etc. or through interaction 
with iron and aluminium (on acid soils) or with calcium (on alkaline 
soils). The inorganic forms are mainly iron and aluminium 
phosphates in acid soils and calcium phosphate in alkaline soils. All 
inorganic forms of P in soils are extremely insoluble and 
concentration, of P in soil water solutions are low, generally less 
then 0.2 mg/1. 
Health Hazards :-
Excessive phosphate in domestic water would be undesirable 
as they will make a buffering action on the gastric juices. 
Phosphates are particularly present along with nitrates from 
excellent nutrient material for algae and other fungal growth. Such 
growth may not only cause problems in water supply system, but 
indirectly cause adverse effects on human beings by becoming the 
breeding places for pathogens. Because of the fact that phosphate 
analysis are generally not commonly done, there are no 
internationally accepted upper limit of phosphate prescribed. The 
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reported Canadian and Australlion limits are very low. Being 0.66 
and 0.2 mg/1 respectively. The U.S. Environmental Protection 
Agency has fixed an upper limit of 0.15 to o.31 mg/1 of PO^ for 
surface water. 
Control Measures:-
The soil conditions and its chemistry give us necessary clues 
in locating the well sites. If the natural waters are rich in 
phosphate, necessary reagents can be added to precipitate the 
excess phosphate. The phosphate contaminate the ground water 
because the human interface can be controlled by suitable 
statutory regulations and stipulations. Better management of 
irrigation/fertilizer inputs should also be worked out in association 
with agronomists and soil scientists. 
Potash Fertilizers:-
Potassium is an essential plant nutrient and play an important 
role in maintenances of cellular organisation by regulating 
permeability of cellular membrane and keeping protoplasm in a 
proper degree of hydration by stabilizing the emulsions of highly 
colloidal particles. Potassium deficiency in water is known to 
produce imbalance in plants and result in decreased level of photo-
synthesis and in the content of total and reducing sugars. 
Deficiency gives rise to abnormal accumulation of ascorbic acid in 
plants and deficiency of potassium also affects adversely the 
formation of poly saccharides and proteins which are the 
condensation products of primary sugars. Moderate quantities of 
potassium do not adversely affect the use of water even though the 
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European Communities directive suggest 10 mg/1 K as guide level 
and 12 mg/1 K as the maximum admissible Concentration. 
Sources:-
The main sources, both natural and anthropogenic. Which 
contribute to the K-content of ground water are 
a) Weathering of K-silicate and other K-minerals present in the 
strata through which ground water is circulating, k-deposits 
etc. 
b) Contribution from rain water, including dry fall out. 
c) Contributions from surface waters both indirectly, viz. 
seepage from canals as well as directly, viz. application of 
source water from irrigation and then leaching to the 
saturated zone as return irrigation flow. 
d) Plant residues 
e) Application of plant nutrients containing K-ions, viz compost 
gobar slurry and K-Feritlizers (Handa, et al. 1983). 
Health Hazard :-
Excessive use of K-fertilizer causes several adverse health 
hazards. Potassium at low concentration viz over 2000 mg/1 may 
be harmful to human nervous and digestive system. 
Prevention :-
Since movement of K occurs in the aqueous phase, it is 
obvious that water management practices can play an important 
role in preventing pollution of groundwater from this source. The 
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application of correct dose of potassium fertilizer after "Tissue 
Test" to know the potassium requirement of crops can go a long 
way in preventing excessive use of k-fertilizer, as compared to the 
adhoc addition of K-fertilizer, as suggested by potash India. 
The depth to water table and texture of the soils must also be 
taken into consideration as leaching of plant nutrients would be 
more feasible on light soils than on heavy soils and contamination 
will be more the table is high. Broadcast application of fertilizers 
on light soils may be more wasteful of fertilizer than "band 
placement" near the seeds. This better water management practices 
coupled with proper utilization of fertilizer and avoidance of 
excessive use of fertilizer can lessen the contamination of 
groundwater, surface water & soils, without, affecting the crop 
yields. The ideal dose of K-fertilizer is 40 Kg/hectares. 
Pesticides :-
Pesticides are inorganic or organic chemicals used to control 
weeds, insects and diseases. The use of modern synthetic organic 
chemicals is credited with substantially increasing yields of 
agricultural crops and assisting in controlling pests and diseases, 
such as malaria. Pesticides include herbicides used for weed 
control, insecticides for control of insects and fungicides to control 
fungus, particularly in orchards and vegetable farms. 
Residual pesticides in soil or crops is transported from fields 
to surface and groundwaters. Pesticides negatively affect water 
quality. By definition pesticides are poisons. If they are released to 
the aquatic environment before degradation, they kill non-target 
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and other aquatic species. Pesticides hinder photosynthesis in 
aquatic plants, affect reproduction, respiration, growth and 
development of aquatic species, reduce their food supply and 
destroy their habitat. Pesticides lower aquatic organisms resistance 
and increases susceptibility to other environmental stresses. Some 
pesticides bioaccumulate in tissues of fish and other species, thus 
poising a health risk to humans and other species that consume the 
fish. There are also human health risk in consuming contaminated 
water some pesticides are carcinogenic and mutagenic and or 
teratogenic. Pesticides also reduce commercial/sport fishing and 
other recreational values of water bodies. The impact of pesticides 
on water quality is related to its toxicity whereas its transportability 
is a function of its solubility and ability to be absorbed to soil 
particles. 
The persistence of a pesticides is expressed by its half-life. 
Degradation of pesticides begins at formulations and continues for 
hours, days, weeks, months, years, or decades, depending on the 
chemical and condition of the degradation processes like physical, 
chemical and biological. Physical degradation processes are caused 
primarily by light and heat. Chemical degradation is promoted 
through hydrolysis, oxidation and reduction. Biological degradation 
is facilitated by micro-organisms including bacteria, fungi and 
actinomycetes. 
Pesticides are transported from agricultural fields to surface 
and groundwater by atmospheric transport, surface runoff, erosion 
and leaching, pesticides also reach surface and groundwater 
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through accidental spills or damping of excess chemicals, 
particularly at mixing sites. 
Transport of pesticides by runoff leaching are determined by 
the adsorption and solubility properties of the pesticides, the 
characteristics of the site and the timing mode of placement and 
rate of chemical applications. The most common mode of transport 
for soluble and weakly absorbed pesticides is leacinng through the 
soil profile. However, intense rainfall, steep topography or 
saturated soil conditions cause such pesticides to be lost via runoff 
moderately adsorbed pesticides are primarily transported in surface 
flow but are also lost with eroded sediments. Strongly adsorbed 
pesticides are relatively immobile in the soil profile, generally 
remaining close to the surface where they were applied. Because 
the soil surface is the area of greatest biological activity and is 
where pesticide degradation rates are greater, adsorption of a 
pesticides to potential reduction of the pesticides toxicity. Strongly 
absorbed pesticides are transported primarily or eroded sediments. 
Salts :-
Salts have negative impacts on both soil and water quality. 
Sodic and saline soils contain salts which are sufficient to impair 
crop growth. Sodic soils contain sodium (Exchangeable sodium 
percentage-15) whereas saline soils contain soluble salts. The 
major solutes of saline soils are sodium, calcium, magnesium, 
sulphates and chlorides. Minor amounts of bicarbonates and 
potassium are also present. Sodic soils are poorly aggregated 
grouted and hard when dry and sticky and plastic when wet. 
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Excess water percolates down to the water table and then moves 
laterally to lower soil surfaces, dissolving salts in the material 
through which it flows. Subsurface conditions eventually force the 
flow to the surface where it evaporates and results in a saline 
seep. A seep reduces or eliminates crop growth in the discharge 
area because of increased concentrations of soluble salts in the root 
zone. Saline seeps have been identified in the great plains in the 
U.S. and in Australia, India, Iran, Turkey and Latin America. 
Pathogens:-
The primary source of pathogens in agriculture is livestock 
production. The excreta from warm-blooded animals contain 
countless micro-organisms, including bacteria, viruses, parasites 
and fungi, some of the organisms are pathogenic (disease causing), 
and many of the diseases carried by animals are transmittable to 
humans. Pathogens are introduced to surface water through run off 
originating on feedlots or flowing over grazed pastures or fields on 
which manure is applied. Pathogens are also discharged from 
livestock and poultry processing plants. Pathogens are leached to 
groundwater from feedlots, grazed pastures and fields on which 
manure is applied. Water contaminated by pathogens is a human 
health hazard by both consumption and contract. Therefore, the 
recreational value of the water body and the drinking water quality 
are impaired, the presence of pathogens in water increases the 
treatment costs for drinking water. 
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Table-16 
Characteristics of various forms of N., in natural water. 
Species 
Na 
NH,/NH, 
3 4 
Np 
NO 
NOj 
HNO3/NO2 
NO3 
Processes Participated 
Biological and abiological nitrogenfixation and 
denitrification. 
Ammonia-fixation, leaching and run-off 
decomposition of organic matter, dry and wet 
decompostion, fertilizer consumption, troposphere 
reaction, plant uptake, volatilization. 
Denitrification, reaction in the stratosphere. 
Dry deposition reaction in atmosphere, 
combustion. 
Nitrate reductions in acid soils, atmosphere 
reaction combustion processes. 
Nitrification/denitrification processes, dry and wet 
deposition leaching, run-off, atmospheric 
reactions. 
Nitrification, reactions in atmosphere. Organic 
nitrogen Production of biomass, dry and wet 
deposition, volatilization and decomposition of 
organic nitrogen matter. 
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Table - 17 
Recommended dose of potassic Fertilizers for various crops 
(Potash India) 
Crop 
Rice (HYV) 
Jawar (HYV) 
Cotton 
Sugarcane 
Wheat (HYV) 
Gound nut 
Potatoes 
Banana 
KjO kg/acre 
Basal 
20-30 
10-30 
10-20 
- -
20-40 
20-30 
20-30 
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Top-I 
10-30 
15-25 
10-20 
40-60 
10-20 
- -
20-30 
225 
Top-II 
10-30 
" 
— 
40-60 
10-20 
- -
20-30 
- -
Table - 18 
Classification of Pesticides 
Chemical nature 
1. 
2. 
3. 
4. 
Chlorinated 
Hydrocarbons 
Organic Phosphates 
Miscellaneous organic 
compounds 
Inorganic compounds 
Pesticides 
Aldrin, chlordane, BHC, DDT, 
Dieldrin, Heptachlor, Lindane, 
t 
Toxaphene, Endrin etc. 
Malathion Parthion (Methyl), 
Parathion (Ethyl), Guthion etc. 
2,4-D, 2,5,-T, carbaryl, organic 
mercurials, Methyls bromide etc. 
Copper sulphate. Nickel chloride, 
Pb2As207 etc. 
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Table - 19 
Hazardous Compounds 
Types of pesticides 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Aldrin 
Methylene Chloride 
Parathion and Methyl 
Parathion 
Malathion 
Chlorotoluene 
Phenoxy Herbicides 
DDT 
Hazardous compounds 
Aldrin 
Methyl chloride, Methylene 
chloride. Chloroform, 
Carbontetrachloride, 
Per chloroethylene. 
Paranitrophenol, Parathion 
sulphur, Hydiogen chloride, sodium 
carbonate. 
Trimethyldithiophosphates, 
Diethyl maleate, Malathion 
contaminated solvents. 
Benzyl chloride, Benzotrichloride. 
Chloriphenoxy compounds 
dichlorophenol (DCP). Acetic acid. 
Chlorobenzene, chlorol, DDT, 
Spent acids, (Hydrogen chloride, 
sulphuric acid) 
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CHAPTER - VIII 
WATER QUALITY ASSESSMENT 
Water is referred as a universal solvent because it has the ^ 
ability to dissolve at least small amounts of almost all substances 
at its contact. The criteria of water quality may be defined as 
the concentration quality, or intensive measure that if achieved 
or maintained, will allow or make possible a specific water use 
(McCutcheon et al., 1992). According to Freeze et al. (1979) water 
is effective on denialing salts because it has a very high dielectric 
constant and because its molecules tend, to combine with ions 
to form hydrated ions. The quality of water changes from place 
to place and season to season depending upon the natural and 
human influences. It is necessary to monitor the quality of water 
in order to ascertain the suitability for certain use. The dissolve 
ions which are present in the water samples affect the quality of 
water as well as oils, acidic, alkaline or saline water, which in 
term affect the quality of ground water used for irrigation, 
domestic and industrial purposes. 
The successively increasing amount of chemicals in rivers and 
other water bodies, resulting from the enhanced discharge of 
industrial and municipal wastewater has become the major 
problem affecting water quality. As a result of pollution, there 
is an increasing need to treat water before it is suitable for diverse 
uses like drinking, irrigation, fish farming and recreation and to 
treat wastewater before its discharge back into the water cycle. 
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The contamination of surface water bodies and soils is mainly caused 
by the presence of various types of industrial effluents as well as human 
impact i.e. the use of different types of detergents, solid waste materials. 
The quality of water, measures of chemical, physical and bacterial constituents 
are important, depending upon the purpose for which it is utilized. 
The concentration of substances dissolved in water are commonly 
reported in units of weight per volume. The value so expressed is the weight 
of dissolved matter in milligram in one litre of water if the concentration 
of dissolve solids is low, but when concentration is high, it has to be made 
for the change in the specific gravity of water. The mg/l is nearly equivalent 
to ppm (parts per million), the common unit, equivalents per million (epm) 
is calculated by dividing parts per million (ppm) by equivalent weight of 
ion. In present work the values are expressed in terms of parts per million 
and equivalent per million. Since, the analysis of water and soil was made 
fallowing the same analytical procedure hence the presentation of the data 
was also done in same form for both water and soil samples. The same 
diagrams are used for soil and water samples, only to facilitate the visual 
comparison of common water and soil contents in order to ascertain their 
source. This approach has been adopted only to visualize the impact of surface 
water on adjacent soils. 
In the present chapter, the major ions and trace elements contents of 
water and soil are individually discussed. Maximum and minimum 
concentration of different elements and their significance are discussed with 
respect to locations in the study area. 
Hydrogen ion concentration (pH):-
The pH value of a solution is the negative logarithm of the 
concentration of hydrogen ions in gram/litre. The pH value of water influence 
the growth of plants and soil organism, therefore, it affects to a great extent 
the stability of water for irrigation. The pH value of water is controlled by the amount 
of bicarbonates, carbonate and dissolved CO .^ The highest desirable 
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limit for public water supply ranges7-8.5 while maximum 
permissible is 6.5 to 9.2 (WHO, 1984). The low pH gives rise 
to off taste and promotes corrosion. 
In the study area the pH value of water varies from 7.06 to 
8.86 in pre monsoon period and in the post monsoon it is between 
7.5 to 8.72. The pH of soil varies from 7.41 to 8.44 in pre 
monsoon while in post monsoon it ranges from 7.49 to 8.41 All 
the values of pH, are under the permissible limits of WHO 
standard except in a few samples which show maximum or 
minimum trend. 
Electrical conductivity (EC):-
Electrical conductivity is the ability of a substance to conduct 
an electric current. EC of water is directly related to the 
concentration of ionized substances in water. It gives an idea 
about extent of mineralization and is indicative of the salinity of 
water. The electrical conductivity with 400 fis/cm at 25"C is 
considered suitable for human consumption. 
The EC range of water is 700 jiiS/cm in pre monsoon 
condition and from 600 |uS/cm to 1800 j.iS/cm in post monsoon 
period. Which shows a seasional variation of the study area. The 
EC value of soil in pre monsoon varies from 300 p.S/cm to 1700 
;j.S/cm except infront of Nizamuddin bridge and Majnu ka Tila, 
which is respectively 5500 )LiS/cm , and 4000 |LiS/cm . The source 
of this exceptionally very high value of EC at these stations was 
recorded due to junction of Yamuna and Najafgarh drain which 
carries a large volume of effluents from different industries. 
Infront of Nizamuddin bridge exceptionally very high 
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value of EC. viz 5500 }4,s/cm is due to leachate from Ghazipur 
landfill site and 300 jis/cm to 1700 |xs/cm in post monsoon 
period except 3900 jis/cm at old secretariat of Delhi and 5400 
jas/cm infront of Nizamuddin bridge. The maximum value of 
EC is reported mainly from the area where small scale industries 
as well as human cause like sewer line, solid and liquid wastes 
are prevailing. According to Subba Rao et al. (1995) septic tank 
density of a colony largely decides the increase of soil and water 
salinity. 
Hardness:-
Hardness of water is defined as its content of metallic ions 
which react with sodium soaps to produce solid soaps or scummy 
residue which react with negative ions, when the water is 
evaporated in boilers, to produce solid boiler scale (camp, 1963). 
Total hardness is caused by carbonates of calcium and magnesium 
and chloride and sulphate of calcium and magnesium. In water 
and associated soil sediments, hardness is primarily due to the 
presence of bicarbonates, sulphates, chlorides and nitrates of 
calcium and magnesium (Taylor, 1949). 
According to Swenson and Baldwin (1965) the hardness of 
water may be rated according to the combined compounds of 
calcium and magnesium (mg/1 as CaCOj). Public acceptability of 
the degree of hardness of water may vary considerably from one 
community to other, depending upon local conditions. On the basis 
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WHO (1984 ) has suggested 200 mg/1 of chloride as 
desirable limit and 600 mg/1 as maximum permissible limit in 
drinking water, whereas the Indian Council of Medical Research 
(ICMR, 1975) recommends 200 mg/1 as desirable limit and 1000 
mg/1 as maximum permissible limit. 
In the study area concentration of chloride both in pre and 
post monsoon water and soil samples are given below: 
P,W, 62.48 to 255.6 ppm or 1.762 to 7.210 epm 
PjW^ 52.48 to 243.71 ppm or 1.480 to 6.875 epm 
PjSj 28.4 to 1448.80 ppm or 0.801 to 40.870 epm 
PjS^ 24.7 to 1392.7 ppm or 0.696 to 39.288 epm 
Where:- PjWj - Pre-monsoon water, PjW^ - Post-monsoon water, 
PjSj - Pre-monsoon soil, F^S^ - Post-monsoon soil: 
Chloride distribution shows that in major part of the area, 
the chloride content is below 200 mg/1. Minimum concentration 
were observe in Tehri Daulatpur and Sibpur and higher contents 
of chloride were observed at Shanitivan (near Gandhi nagar 
pantoon bridge) and Wazirabad water works is due to garments, 
dyeing industries of NE or NW Delhi. A high concentration of 
chloride gives salty taste to water and when in large amount it 
results in the corrosion of metal pipes and harmful to plant life. 
People who are not accustomed to high chloride content in water 
are subjected to laxative effect as suggested by Raviprakashan and 
Krishna Rao (1989). 
Calcium (Ca):-
The range of calcium content in water is largely dependent 
on the solubility of calcium carbonate, sulphate and very rarely 
chloride. The solubility of calcium carbonate varies widely with 
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Pre-monsoom water (P,W,) 448 to 1216 ppm 
Post-monsoom water (PjWj) 384 to 1152 ppm 
Pre-monsoom soil (PiS,) 192 to 3520 ppm 
Post-monsoom soil (PjSj) 192 to 3456 ppm 
Concentration of TDS at several places exceeds maximum 
permissible limit prescribed by (ICMR, 1975). Near about 60 to 
65% sample fall within the permissible limit. 
As per Davis classification, water in the study area varies 
from fresh to brackish water category. High values of TDS were 
observed in water samples at Indra colony near old Yamuna 
bridge. In front of Bhagwan Nagar and near Nizamuddin bridge, 
whereas in associated soil sediments, high values of TDS were 
observed in Nizamuddin bridge and infront of Majnu Ka Tila and 
near Gandhi Nagar Pantoon bridge. 
High values of TDS render the water a salty taste and produce 
scale on cooking utensils. 
Chloride (Cl):-
Discharge of industrial effluents in surface water bodies, 
presence of sodium and calcium chloride in natural water and 
higher salinity are responsible for higher concentration of chloride 
in the area. Chloride salts, being, highly soluble and free from 
chemical reactions with minerals of reservoir rocks, remains 
stable, once they enter into solution. Chloride ions are the major 
contributors to the salinity of water. 
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Total Dissolve Solids (TDS):-
Total dissolved solids give an indication about total 
concentration of constituents present in water and soils. 
High TDS in water is mainly due to the presence of chlorides, 
sulphates, bicarbonates, calcium, magnesium and sodium. The 
TDS concentration in ground water vary over many orders of 
magnitude. A simple but widely used scheme for categorizing 
ground water based on TDS presented by Davis et al. (1996), 
has been given as follows: 
Types of water concentration of TDS (mg/1) 
Fresh water 0-1000 mg/1 
Brackish water 1000-10,000 mg/1 
Salty water 10,000-100,000 mg/1 
Brine >1000,000 mg/1 
Water containing more than 2000-3000 mg/1 TDS is generally 
salty (Allen et al. 1979). 
The palatability of water with a TDS level less than 600 mg/1 is 
generally considered to be good whereas TDS level greater than 
1200 mg/1, drinking water becomes unpalatable (WHO, 1984). 
The permissible limit of TDS in drinking water prescribed by 
(ICMR, 1975) is between 500 to 1500 mg/1. 
The TDS values in water and soil sample of the study area 
ranges in between, as follows: 
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of hardness, water is classified as follows: 
Soft 
Moderately soft 
Slightly hard 
Moderately hard 
Hard 
Excessively hard 
The maximum permissible limit of hardness for drinking 
Less than 50 ppm 
50 to 100 ppm 
100 to 150 ppm 
150 to 250 ppm 
250 to 350 ppm 
More than 350 ppm 
water supply is 500 mg/1 (WHO, 1984). The concentration range 
of hardness in river water and associated soil sediments sample 
is noticed as follows 
Pre-monsoom water (PjW^) 160 to 380 ppm 
Post-monsoom water (P^W^) 150 to 370 ppm 
Pre-monsoom soil (Pi^,) HO to 2360 ppm 
Post-monsoom soil (P2S2) HO to 2310 ppm 
In general the water is moderately hard. Water of Okhla 
barrage, infront of Majnu Ka Tila, Barove Pantoon bridge and 
near Rajghat barrage Nizamuddin bridge, is of hard quality. Near 
about 50% of samples show the range of hardness in between 150 
to 250 ppm. 
In associated soil samples maximum hardness (2360 ppm) 
was noticed in infront of 2 Km. of South Nizamuddin bridge 
and Majnu Ka Tila and minimum of (110 ppm) in Kishanganj. 
Hard water is generally believed to have no harmful effects 
on human being. Cardiovascular diseases are reported to be 
confined to the areas of soft water than to those having hard water 
(Crawford, 1972). 
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the partial pressure of carbon dioxide in the air lying in contact 
with water. The main sources of calcium in water are rain water 
leaching from fertilizers, soil amendments, weathering of calcium 
carbonate/silicate minerals and use of surface water in irrigation 
return flow.. 
The maximum desirable limit of calcium in drinking water 
is 75 mg/1 (WHO, 1984, ISI, 1983). 
Calcium content in water and soil of the area ranged in pre 
and post monsoon period as follows: 
P,W, 32.06 to 80.16 ppm or 1.679 to 3.99 epm 
PjWj 28.66 to 73.16 ppm or 0.808 to 3.65 epm 
P,S, 32.06 to 901.80 ppm or 1.59 to 44.99 epm 
P^Sj 28.04 to 877.20 ppm or 1.393 to 43.77 epm 
The higher concentration of calcium in water was reported 
from Gandhi Nagar and minimum in Salempur areas. Various types 
of industries are situated in Gandhi nagar like garments dyeing, 
storage batteries industries, printing, paint industries, fertilizers 
and pesticides. The higher concentration in soil was noticed in 
front of 2 km South of Nizamuddin bridge. These extremely high 
values of calcium, clay minerals and kankars at shallow depth 
in water and soil samples collected from Yamuna river. 
Calcium is an essential constituents for human body which 
requires 0.7 to 2.0 gm/day. However, large doses are required for 
pregnant and lactating women and growing children. In human 
body, it is essential for muscular and nervous system, cardiac 
122 
functions and in coagulation of blood. Low levels of calcium may 
have adverse effects on human health. Higher content is also 
harmful resulting in the formation of kidney and bladder stones 
and irritation in urinary passage. 
Magnesium (Mg):-
In ordinary atmospheric condition the solubility of 
magnesium carbonate in water, in the presence of carbon dioxide, 
is nearly ten times that of calcium carbonate. Magnesium is one 
of the most important contributor to the hardness of water. The 
chief sources of magnesium in water and soil are rainwater, 
weathering of magnesium silicate minerals present in the soils 
and use of surface water for irrigation. The permissible limit of 
magnesium, for drinking purpose varies from 30 to 150 mg/1 
(WHO, 1984), Indian Council of Medical Research (ICMR, 1975) 
has prescribed 50 mg/1 as minimum desirable limit and 100 mg/1 as 
maximum permissible limit. 
Megnesium concentration in river water and associated soil 
sediment samples varies from 
Pre-monsoom water i^^^^) '^-62 to 63.42 ppm or 1.20 to 5.21 epm 
Post-monsoom water (P2^2) ^^^^ °^ ^ -^^ ^ PP™ ^^ '-^^ '° -^^ ^^ ^P"^ 
Pre-monsoom soil (P|S|) N D to 429.35 ppm, or N.D. to 35.31 epm 
Post-monsoom soil (P,Sj) N.D. to 423.88 ppm or N.D. to 34.86 epm 
In most of the river water samples, magnesium concentration 
is found under the permissible limits. In associated soil sediments, 
higher concentration of magnesium have been observed infront of 
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Majnu Ka Tila location. In this area plant residue ash, thick reh 
deposits, and clay mineral may be other contributors for such an 
abnormally high content of Mg in water and associated soil 
samples. 
Magnesium is an essential nutrient for human body with an 
average adult requirement of 200 to 300 mg/day. Magnesium 
deficiency is associated with structural functional changes and 
may cause severe diarrhoea, chronic renal failure and protein 
choleric malnutrition (WHO, 1973). 
Sodium (Na):-
Sodium is present in nearly all natural waters and its 
concentration in water and soil depends on various conditions 
like industrial activities, human influence and weathering of rock 
minerals present in soil. The most important water quality aspect 
of sodium is the possibility of changing the permeability of soil. 
The guideline value of sodium is 200 mg/1, which is based on 
taste considerations (WHO, 1984). The concentration of sodium 
in water and associated soil sediment samples in the area ranged 
as follows. 
P,W, 52 to 156 ppm or 2.262 to 6.786 epm 
PjWj 42 to 147 ppm or 1.827 to 6.394 epm 
P,S, N.D. to 409.47 ppm or N.D. to 17.811 epm 
P3S2 N.D. to 397.18 ppm or N.D. to 17.277 epm 
Higher values in water samples have been recorded in front of 
Mahila colony and near old Yamuna bridge. But low values are 
observed near the Sungerpur colony. 
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Higher values in associated soil sediments have been recorded 
near Gandhi nagar pantoon bridge and about 2 Km. South of 
Nizamuddin bridge whereas at Kishanganj, Laxminagar, Nangli, 
Chillasaroda Banger in this area it was below the detectable limits. 
Water and soil samples both have a higher concentration of 
sodium because due to the proximity many chemical and allied 
industries. 
On the whole soil samples have higher concentration of sodium 
as compared to water samples due to its low mobility. 
Though, sodium is an essential element of human body, its 
higher content in drinking water may be harmful to persons 
suffering from cardio and renal diseases pertaining to circulatory 
system. 
Potassium (K):-
The main factor responsible for the scarcity of potassium in 
ground water being the resistance of potassium minerals to 
decomposition by weathering (Goldditch, 1938). Potassium is less 
common cation as compared to sodium in groundwater, which may 
be due to reactions with clay minerals. The main sources of 
potassium in water in the study area may be excessive use of potash 
fertilizers, weathering of potash silicate minerals, rain water return 
irrigation flow etc. Potassium in the form of fertilizers is 
excessively used in the study area in order to enhance the yield of 
crops. On addition of potassium fertilizer to the soil, the 
concentration of potassium in soil increases as a result of which the 
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Some localities are quite far from industrial belt and on the 
contrary, this area is agriculturally well developed and possess most 
fertile soil in this region. 
Sulphate (SO^):-
Sulphate as a predominant anion is present in wide range of 
concentrations in natural water. The sulphate content of 
atmospheric precipitation is only 2 ppm, sulfur is not a major 
constituent of most of the rocks. However, sulphate is abundant in 
most groundwater. A wide range of sulphate content in the 
groundwater is made possible through oxidation, reduction, 
precipitation, solution and concentration processes as water 
traverses through rocks. 
The main sources of sulphate in ground water include 
sulphate minerals in sedimentary rocks, oxidation of sulphides 
from igneous rocks and volcanic emanations, various soil 
amendments such as gypsum, pyrite, fertilizer and rain water. 
Analytical results show that the concentration of sulphate in water 
and associated soil sediment varies as follows: 
PjW, 32.92 to 1629.54 ppm or 0.685 to 33.92 epm 
P^Wj 32.92 to 1518.04 ppm or 0.685 to 31.605 epm 
PjS, 96.70 to 3660.29 ppm or 2.013 to 76.207 epm 
PjS^ 87.40 to 3445.17 ppm or 1.819 to 71.172 epm 
Associated soil in Nangli, Akbarpur Majra, in front of 
Bhagwan nagar, 2 Km South of Nizamuddin bridge, Majnu Ka Tila 
and in front of old Secretariat Delhi areas have excessively higher 
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equilibrium conditions between the various phases is greatly 
affected. Several factors such as nature of clays, pH, organic 
matter, moisture content of the soil also control the amount of 
potassium in the soil. The concentration of potassium in river water 
and associated soil sediments in the study is as follows: 
P,W, I to 32 ppm or 0.025 to 0.818 epm 
PjWj 1 to 29 ppm or 0.025 to 0.741 epm 
P,S, 1.33 to 436.0 ppm or 0.034 to 11.148 epm 
PjSj 1.33 to 426 ppm or 0.034 to 10.892 epm 
The higher values in water samples were recorded at Majnu 
Ka Tila and lower in Sungerpur and Salempur, whereas in 
associated soil sediments higher concentration were found at 2 Km 
South of Nizamuddin bridge and near Gandhi nagar pantoon bridge 
and lower at Yudhustar setu and South Shakarpur areas. 
Abnormally high contents of potassium in ground water and 
associated soils were generally restricted to phreatic aquifer waters 
suggesting human and animal intervention, particularly agricultural 
activities of man causing accretion of potassium in ground water 
and soil. 
Potassium stimulate plantation growth and is more toxic to 
fish and shell than calcium, magnesium and sodium (Brown et al. 
1970). Extraction of potassium in groundwater is neither affected 
by acid-base reaction nor by oxidation-reduction process (Lloyd et 
al., 1985). 
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concentration. Similarly the river water near Indra colony (Old Yamuna bridge) 
and Santnagar areas have excessively higher concentration of sulphate, that 
appears to be due to effluents and other wastes discharged in the river Yamuna. 
The high concentration of sulphates causes an imbalance between cations and 
anions (Table No. 30, 36). When sulphates values are excluded, almost all anions 
and cations reveal a balance in almost all the samples. 
The surreptitious discharges from various industries situated in the study 
area and the drains, which are hihgly laiden with copper sulphate, ferrous 
sulphate, etc. result in excess presence of sulphate both in the Yamuna river water 
and associated soils. This additional amount of sulphate appears to be the possible 
cause of the imbalance in our samples. 
Both (WHO, 1984) and (ICMR, 1975) have prescribed highest desirable 
limit of 200 mg/1 and maximum permissible limit of 400mg/l for sulphate in 
drinking water. 
Sulphate at higher concentration can have laxative effect (WHO, 1984). 
Sulphate ions when associated with high concentration of magnesium and sodium 
ions act as laxative and may cause gastric disorders. Sulphate values in drinking 
water exceeding 500 mg/1 impart better taste and may cause gastrointestinal 
irritation and catharsis (Kakar, 1989). 
Nitrate (NO3):-
The most common contaminant identified in groundwater is dissolved 
nitrogen in the form of nitrate (Allan, 1979). Nitrate contamination, often 
associated with agricultural activities, is a major problem in some shallow aquifers 
and is increasingly becoming a threat to ground water supplies (Gillham and 
Cherry, 1998; Spalding and Exner, 1991, Wassenaar, 1995). The main sources of 
nitrate in ground water of the area are industrial wastes, sewage and animal wastes 
and agricultural activities. Among the agricultural sources, the common sources 
are fertilizer and irrigation with wastewater. Nitrate itself is relatively nontoxic 
but when ingested with food or water, it may be reduced to nitrite by bacteria in the 
mouth and gut (Chandu et al. 1995). 
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The nitrate contents in water and soils of the area under 
study range in between: 
P,W, N.D. to 45.72 ppm or N.D. to 0.737 epm 
PjWj N.D. to 41.6^ ppm or N.D. to 0.671 epm 
PjSj 2.44 to 53.92 ppm or 0.039 to 0.869 epm 
PjSj 1.09 to 45.71 ppm or 0.017 to 0.737 epm 
Almost of all the places, nitrate contents were found to be 
under the permissible limits (45 mg/1) of (WHO, 1984). The nitrate 
contents in soil samples found to be higher at two places namely 
Yudhuster setu and South of Shakarpur. These areas surrounded by 
various types of industrial and agriculture based activities, thus, 
producing different types of wastes resulting in an increasing 
nitrate pollution. 
Nitrate content in drinking water is considered important for 
its adverse health effects. Higher contents of nitrate in drinking 
water may cause methemoglobinemia in infants. Nitrate can be 
reduced to and absorbed into the blood oxidizing the iron of 
hemoglobin. It interferes with oxygen transfer and causes cyanosis 
(Kataria et al. 1995). Non-convincing evidence of a relationship 
between gastric cancer and consumption of drinking water 
containing nitrate levels upto 10 mg/1 as nitrate has emerged 
(Forman, 1985). It was reported that exposure to 
dimethylnitrosoamines had produced acute lever damage in men 
working in industrial laboratories (Sidney, 1977). 
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Carbonate and Bicarbonate (COjand HCO3):-
Under usual conditions the bicarbonates concentration in 
rain water is commonly <10 ppm. Bicarbonate is the major anion 
found in groundwater of the area under investigation. Main sources 
of bicarbonate in water include carbon dioxide in atmosphere, 
carbon dioxide in the soil, leaching from carbonaceous rock and 
carbon dioxide relased due to bacterial oxidation of organic matter. 
Bicarbonate in water and associated soil varies as follows: 
P,Wj 39 to 780 ppm or 0.639 to 12.784 epm 
P^W^ 39 to 758 ppm or 0.639 to 12.432 epm 
P,S, 65.00 to 1885 ppm or 1.065 to 30.898 epm 
P^S^ 58.5 to 1840 ppm or 0.958 to 30.157 epm 
This indicate that in about 50% samples bicarbonate 
concentration in water ranged from 200 to 400 mg/I in the study 
area. High concentration of bicarbonate was noticed infront of 
Majnu Ka Tila and lower at Nigambadh ghat. In soil samples, 
highest concentration was found in Kailashnagar and lowest at 
Tehridaulatpur. 
Carbonate concentration in water and associated soil 
sediments (associated with water) in the area ranged from 
ppm or 0.433 to 3.466 epm 
ppm or 0.433 to 3.099 epm 
ppm or N.D. to 30.33 epm 
ppm or N.D. t a 29.830 epm 
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Higher concentration in water was found near Yudhustar setu 
and lower at Mahila Colony area whereas in soil sediments a higher 
concentration was noticed at Jhingola and lowest i.e. within N.D. at 
Akbarpurmajra, Sungerpur, Bhagwannagar, Majnu Ka Tila, old 
Secretariat Delhi. Higher concentration of bicarbonate may 
principally be due to discharge of industrial effluents and other 
waste products that have high content of bicarbonate in these water 
bodies. 
Fluoride (F):-
The concentration of fluoride in water is limited due to low 
solubility of most of the fluorides. The solubility of fluoride in pure 
water at 25°C is only to the extent of 8-7 ppm of fluoride (Aumeras, 
1927). 
The natural environmental pollution due to fluoride in ground 
water is a matter of great concern, as it may lead to serious 
consequences on human health. The common natural sources of 
fluoride are calcium fluoride, amphiboles, volcanic and fumarolic 
gases. In the study area, main sources of fluoride are fluoride salts 
used in small scale industries manufacturing steel goods, aluminium 
bricks and various motor parts industries etc. Phosphate fertilizers 
often contain fluoride as an impurity and are extensively used in the 
area. The main cause of increase in fluoride content of soils are the 
fertilizers industrial wastes and other soil amendments which on 
leaching result in enrichment of fluoride levels in the groundwater. 
The analytical results show high fluoride concentration at several 
places. The fluoride contents in water and soils of the area under 
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study ranges in between: 
PjWj 0.017 to 1.66 ppm 
PjWj 0.015 to 1.62 ppm 
P,S, 0.01 to 0.95 ppm 
PjSj 0.01 to 0.92 ppm 
Highest value of fluoride in water were recorded from 
Tehridaulatpur and infront of Sundarnagar and associated soil 
samples near Yudhustar setu and where a highest value of fluoride 
was recorded. 
Potable water should have 0.6 to 1.5 mg/1 of fluoride for 
substantial protection against dental carries and tooth decay 
(ICMR, 1975). Indian Standard Institute (ISI, 1983) has proposed 
fluoride level of 0.6 to 1.2 mg/1 in drinking water supplies which 
can be extended to 1.5 mg/1, if no alternative sources are available. 
Fluoride concentration in 80 to 85% of water samples is less than 
the permissible limit and so is the case in soil samples also. 
High fluoride level in drinking water gives rise to mottled 
enamel of the teeth, skeletal fluorosis and some time severe 
osteosulerosis whereas deficiency of fluoride causes over 
acidification of teeth, bones and dental carries (Lokesh et al., 
1996). Fluoride reduces solubility of enamel in acid and also acts an 
inhibitor of bacterial enzymes producing the acid which attacks the 
enamel. However, with increase of fluoride concentration in water, 
there is mottling of teeth, osteosulerosis, thyroid changes and 
kidney damage (McKee and Wolf, 1963). Fluoride with lower 
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concentration at an average of 1.0 mg/1 is regarded as an essential 
constituents of drinking water mainly because of its role in 
prevention of dental carries (McClure, 1970). 
Trace elements and its effect on water quality:-
The results of chemical analysis of various heavy metals, their 
concentration range, average content have been discussed in river 
water and associated soil sediments in Yamuna river and the 
surrounding areas. The content of various heavy metals Fe, Cu, Zn, 
Ni, Co, Pb, Mn, Cr and Cd in Yamuna river waters and associated 
soil sediment samples at different sampling stations have been 
presented in tables and figures. 
Most of the metals are essential for the growth of the 
organisms at lower concentration, but they are essentially harmful, 
when their concentration exceeds beyond certain levels. Elevated 
levels of trace elements in the water can be attributed to both 
natural and anthropogenic sources. The increase in concentration of 
metals in a localized area reaches sometimes to a significantly 
higher levels and become deleterious to biological population and 
human beings. Metal ions and their complexes exhibit a wide range 
of toxicity to the organisms that ranges from sublethal to lethal 
depending upon the time of exposure and the prevailing conditions 
in the ambient water. 
Natural levels of trace elements are inherited primarily from 
rocks by weathering processes. The natural levels of these elements 
are usually harmless to the organisms but pollution due to mining 
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activities, industrial effluents, agricultural chemicals and fossils 
fuels have considerably increased their global levels. 
Anthropogenic resources of several metals like Cd, Zn and Pb have 
been reported to exceed the natural fluxes which resulted in 
continuous buildup of these metals in different components of the 
environment (Goel, 1997). 
The prime objectives of the present study are to find out 
various sources, causes and extent of heavy metal pollution in water 
bodies and associated soil sediments in order to suggest measures to 
prevent or eliminate the pollutional hazards and to make the better 
use of these water bodies for animal, human and agricultural 
purposes in the study region in the near future. The study also aims 
to investigate the impact of urban run-off, municipal, industrial, 
agricultural waste and effluents on the concentration of Fe, Cu, Zn, 
Ni, Co, Pb, Mn, Cd, Cr metals in water and soil sediments of 
Yamuna river. 
The Yamuna river while passing through the capital city of 
Delhi, receives large amount of its domestic and industrial 
effluents. In most of the developed countries, the disposal of the 
sewage and industrial waste is often conducted without critical 
appraisal of the impact upon receiving waters. There are numerous 
sources of the domestic and industrial effluents leaching to heavy 
metal enrichment in water, soil sediments and various fauna 
including fishes. 
Industrial workers are exposed to metal fumes, metal oxides, 
particulates and volatile metal compounds. The toxicity of volatile 
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organo metallic compounds is much higher than that of relatively 
non volatile inorganic compounds. Exposure to extremely low level 
of environmental metal contaminants overlong periods may cause 
permanent ill effects on health. Among the highly toxic metals, 
cadmium, arsenic, lead, mercury etc. and their compounds are 
poisonous. Among less toxic elements Ni, Co, Zn, Fe etc. and their 
compounds are also harmful (Chisolm, 1971, Handa, 1983). 
All the chemical pollution is due to discharge of organic or 
inorganic materials, pH change, depletion of dissolved oxygen and 
toxicity caused by trace metals or other toxic materials. 
Iron (Fe):-
Iron is mostly a naturally derived metallic pollutant which 
owes its origin in water mainly to the sources derived from soil and 
rocks. However, the major anthropogenic sources of iron in water 
and associated soil sediments of the area are the industrial effluents 
connected with manufacture of iron and metal plants. The corrosion 
of pipes, pumps and other such structures can also increase to some 
extent the concentration of iron in water and associated soil 
sediments. 
Iron in water and associated soil sediments, ranges as follows: 
P,W, 0.182 to 8.252 ppm 
PjW^ 0.173 to 7.162 ppm 
PjSj 0.201 to 6.673 ppm 
PjSj 0.105 to 5.274 ppm 
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Figs. (100.35, 101.41, 106.35, 107.41 and 108.6, 108.7, 114.6, 
115.14) and table no. (32, 38 and 33, 39) reveal iron distribution in 
study area which is self revealing and confirm the above 
observations. 
The permissible limits prescribed by (WHO, 1984) and (ISI, 
1983) for drinking water supplies are 0.1 ppm to 1.0 ppm and 0.3 to 
1.5 ppm., respectively. 
The overall distribution of iron indicate that they are not 
within the permissible limits, due to high industrial activity in the 
study area only 10 to 15 samples out of 46 samples were found 
within the permissible limits, for drinking water supplies. There are 
samples collected from 2 Km of South Nizamuddin bridge, old 
Yamuna bridge, Mahila colony and Gandhi nagar areas, effluents 
from Badarpur power house and effluent mix in Agra canal water 
have relatively higher contents of iron. 
Iron is an important and essential element for humans and 
exists in the body in the ionic and non-ionic forms. The presence of 
iron in substantial quantities renders the water unsuitable for food 
processing, making beverages, dyeing, bleaching, manufacturing 
ice and many other items. Higher concentrations of iron in drinking 
water impart bitter sweet astringent taste and inky flavour. Due to 
these reasons these permissible limits of iron for drinking water is 
not because of the health considerations but due to its aesthotic and 
taste significance. 
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Copper (Cu):-
Copper is an essential element for plants and humans which 
acts as a micronutrient. Natural sources of copper (weathering of 
sulphide ores) contribute a quite low concentration in ground 
water. Industrial effluents from plating and electrical units, paints, 
pumping equipments, dyeing and pesticides are the major sources 
of copper in water and associated soil sediments in study area. 
The copper concentration in water and soil samples in the 
study area varies as follows: 
P,W, 0.107 to 4.947 ppm 
PjW^ 0.101 to 3.983 ppm 
PjS, 0.203 to 3.225 ppm 
PjSj 0.103 to 3.142 ppm 
Figs. (100.34, 101.45, 106.34, 107.45 and 110.23, 111.25, 
116.23, 117.26) and Tables (32, 38 and 33, 39) reveal the 
distribution of copper in the study area which itself is the indicator 
of the impact on both water and soils of the study area. 
The analytical results show that the overall concentration of 
copper in the area is within the permissible limits of (WHO, 1984) 
and (ISI, 1983) 0.05 to 1.5 ppm and 0.05 to 1.5 ppm in samples 25 
to 35. High concentrations of copper have been observed in water 
and soil samples is infront of Sundernagar, Okhla barrage, infront 
of South Nizamuddin bridge, Kishaganj and Bishambar Ashram and 
Rajghat barrage specially adjoining the areas near the industries 
and canal, indicating the effects of effluents on water and soils. 
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Copper is an essential metal in human metabolism (WHO, 
1973). The daily requirement of copper for an adult is 2.0 mg/1 
(McNeely et al., 1979). Copper is involved in haemoglobin 
synthesis, connective tissue development and normal functioning of 
central nervous system. The greatest danger of copper toxicity 
arises when children consumes beverages that have been in contact 
with copper container (Food and Drug Administration, 1975). It has 
been established that copper deficiency is linked with anaemia, 
diarrhoea, demineralization of bone etc. Wilson disease has also 
been associated with abnormal copper metabolism (Kakar, 1986). 
Lead (Pb):-
It has long been known that lead compounds are abortificients 
and women working with lead have shown a high rate of 
miscarriages. Lead is a toxic metal and tends to accumulate in the 
skeletal structure of man and animals. Due to solubility control and 
capacity of soils to absorb lead, the concentration of lead in ground 
water is usually low. Main sources of lead in water are effluents 
from industries such as paints, storage batteries, printing and 
dyeing, impurities in fertilizers and insecticides. Lead is also 
released to the atmosphere through smelting operations, due to 
which soils around these areas contain high concentration of lead, 
part of it may be leached to the ground water system. 
In the study area, lead concentration in water ranged as 
follows: 
PjWj 0.020 to 2.740 ppm 
PjWj 0.024 to 2.091 ppm 
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Figs. (98.20, 99.29, 96.2) and Table (32, 38) indicate the lead 
disposal in area under study which is self revealing and confirming 
the above observations. 
The maximum permissible limit for lead as prescribed by 
(WHO, 1984) is <0.1 ppm but at most in the study area lead 
concentration in water is quite high at places like Baquiabad, 
infront of South Shakarpur, Nangli, pantoon bridge of Gandhi 
nagar, Salempur which may mainly be due to a high concentration 
of storage batteries, printing and dyeing industries in the this 
region. Lead has adverse effects on human health. As a result of 
ingestion of lead, the may be loss of appetite, fatigue, irritation, 
headache and vomiting (Stephen, 1972, Chisholm, 1971) has 
reported that higher content of lead disrupt the blood enzyme in 
humans and can induce a reduction in haemoglobin. It also effects 
the skin, gastrointestinal tract, lungs, central nervous system and 
cause respiratory diseases. Children have a lower lead tolerance 
than adults. They damage central nervous system causing lead 
encephalopathy and lead neuropathy (Chisholm, 1971, Harrison and 
Laxen, 1981, Handa, 1983). Symptoms of acute lead poisoning as 
reported by (WHO, 1984) are tiredness, lassitude, slight abdominal 
discomfort, irritability and anaemia. 
Zinc (Zn):-
Zinc is an essential element for plants, animals and men due to 
its important role in the functioning of various enzymes, protein 
synthesis and carbohydrate metabolism (Taylor and Demaye, 1980). 
It plays a vital role in the process of cell division and growth. It is 
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accumulated most in the liver. The total zinc content of an adult 
varies from 1.4 to 3.0 gram (Underwood, 1971). 
Zinc content in river water and soils of the area may be 
contributed most by the local i industrial effluents particularly 
electroplating wastes containing high levels of zinc. In the 
agricultural areas the main sources of zinc pollution are the 
impurities from fertilizers, fungicides and sewage sludge. Sewage 
sludge containing high levels of zinc is most extensively used by 
farmers which may be an important source of zinc in water and soils 
of the area. 
The zinc concentration in river water and associated soil 
sediments range as follows: 
P,W, 0.47 to 9.52 ppm 
PjWj 0.31 to 8.71 ppm 
PjS, 0.246 to 14.464 ppm 
P^Sj 0.119 to 13.271 ppm 
The differential concentration of zinc in the study area is 
shown in Figs. (98.21, 101.42, 104.21, 107.42) and (108.4, 109.9, 
114.4, 115.9) and the data are given in Tables (32, 38, 33, 39). 
(ISI, 1983) and (WHO, 1984) have prescribed zinc 
concentration of 5.0 ppm as the highest desirable limit and 15.0 
ppm as the maximum permissible limit in drinking water. In the 
Yamuna river, 27 out of 46 samples have zinc concentration below 
desirable limit and in 7 soil samples the zinc content is below the 
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desirable limit. Minimum concentration of zinc in river water was 
recorded at Majnu Ka Tila and minimum concentration soil samples 
was revealed at Garhi mendu area. 
Zinc is very significant element for human health and 
agriculture. Deficiency of zinc may lead to retarded growth, sexual 
infantilism in teen aged individuals and impaired wound healing 
(Underwood, 1971). Zinc is relatively non-toxic and concentration 
of zinc upto 25 ppm have shown few adverse effects (McNeely et 
al., 1979). Water with high levels of zinc has a milky appearance 
and produces metallic or astringent taste on boiling. 
Cadmium (Cd):-
Cadmium is released into environment mostly by zinc and 
lead refinery plants, paints and pigment manufacturing units. 
Cadmium has no known biological function. Cadmium is 
considered to be an environmentally hazardous element because of 
its high toxicity and greater capability of accumulation and 
retention in the body of organisms including humans. Cadmium in 
nature exists mainly in the form of sulphide. Large quantity of 
cadmium is often found in the ores of zinc, copper and lead in the 
form of impurities. The major sources of cadmium, on land in the 
study area, are effluents of industries connected with 
electroplating, copper and nickel alloys, paints, nickel, cadmium 
batteries etc. Apart from these, sewage sludge, fertilizers and 
pesticides containing cadmium salts may also be the other sources 
of cadmium pollution of river water in the area. 
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Concentration of cadmium in river water of the area under 
study ranges as follows: 
P,W, 0.082 to 14.21 ppm 
PjW^ 0.071 to 13.16 ppm 
The Figs. (97.13 to 101.41, 103.13, 107.41) and Tables (32, 
38) reveal the dispersal pattern of cadmium in the study area. 
(WHO, 1984) has prescribed cadmium concentration of 0.01 
mg/1 as the maximum permissible limit for public water supplies. 
Cadmium levels in river water at most of the places were found to 
be 0.01 mg/1. 
Abnormally highest concentration of cadmium has been 
observed infront of South Nizamuddin bridge, Geeta colony, 
Kailashnagar etc. which may be due to paints and dyeing 
industries, electroplating, nickel, copper polishing plants, 
fertilizers and pesticides, etc. 
Cadmium is a respiratory poison and may contribute to high 
blood pressure and heart diseases (Nordberg, 1977). Cadmium in its 
ionic form is highly toxic to many organisms. In the metal form, 
cadmium in the body of the higher organisms can not easily be 
excreted, causing an increase in its biological half life time. In man 
biological half life time of cadmium has been found to be in the 
range of 10-30 yrs. (Clarkson, 1975). High concentration of 
cadmium causes adverse effects on human body. Cadmium has been 
associated with hypertension and cardiovascular diseases 
(Schroeder, 1965) and Itai-Itai disease, which is characterized by a 
decalcification of bones. 
142 
Chromium (Cr):-
Chromium is extensively used in electroplating, polishing, 
paints, pigments, tanneries, photographic materials industries etc. 
Chromium is one of the most widely distributed heavy metal in the 
earth crust. It is usually found in two oxidation states i.e. Cr^ ^ and 
Cr"^ .^ Cr^ -' gets easily oxidized to Cr^ ^ which is more toxic. The 
trivalent form is not present in waters with a pH greater than 5 due 
to low solubility of its hydrated oxides (McNeely, 1979). 
Several industries use chromate for making refectory 
materials and a number of chromium containing materials. All these 
wide ranging application of chromium may be responsible for the 
higher levels of chromium in river water in the study area. 
Higher levels of chromium due to pollution from 
electroplating wastes have been reported by Kakar and Bhatnagar 
(1981, 983) and Kakar and Janeshwar (1981). 
Chromium concentration in river water and associated soil 
sediments range in between and the distribution pattern of 
chromium is shown in Figs. (96.6, 101.45, 102.6, 107.45, 108.8, 
113.42, 114.8, 116.21) and Tables (32, 38 and 33, 39). 
PjW, 0.23 to 10.38 ppm 
PjWj 0.19 to 8.94 ppm 
P,S, 0.687 to 6.925 ppm 
PjSj 0.411 to 6.193 ppm 
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(ISI, 1983) has prescribed 0.05 mg/1 of chromium as the 
highest desirable limit in drinking water supplies. Highest value of 
chromium have been observed at Yudhuster setu, Mahila colony, 
Kishan ganj and Jhingola. This high concentration of chromium in 
river and associated soil samples may largely be due to the 
extensive use of this metal in metallurgical industry for the 
manufacture of various alloy steels and other small scale industries 
like pigments, tanneries, photographic materials, auto parts 
industries etc. Monitoring of these metals in urine has been 
suggested as the most sensitive, reliable and practical index of 
exposure (Lahiri, 1957, Handa et al., 1983). 
Toxicity of chromium is greatly dependent upon the 
hardness of water which works antagonistically with it. Chromium 
toxicity also varies with temperature, pH, oxidations state (i.e. Cr^ ^ 
and Cr"^ )^ and the species involved (Goel, 1997). Hexavalent 
chromium is much more toxic than trivalent chromium, but it has no 
nutritional value and may be absorbed through the skin and by 
inhalation and corrosion (U.S. Environmental Protection Agency, 
1983). Occupational hazards of hexavalent chromium cause skin 
and respiratory disorders and ulceration of skin. 
Cobalt (Co):-
Cobalt is widely associated as a trace constituent in most of 
the igneous rocks and is strongly concentrated in the metal phase of 
the meteorites. 
Cobalt is mostly a naturally derived metallic pollutant which 
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owes its origin in waters and associated soils mainly due to the 
sources derived from soil and igneous rocks. However, the major 
anthropogenic sources of cobalt in water and soils of the area are 
effluents form various industries, mostly, electroplating, iron and 
steel, dyeing and textile, chemical etc. 
The concentration of cobalt in river water and soil samples 
ranges as follows: 
P,W, N.D. to 4.88 ppm 
P^Wj N.D. to 3.95 ppm 
P,Sj 0.146 to 4.509 ppm 
PjSj 0.107 to 4.019 ppm 
The dispersal pattern of cobalt in water and soil samples in 
the study area is shown in Figs. (100.36, 101.42, 107.41, 107.43, 
108.2, 108.5, 114.5, 118.36) and Tables (32, 38 and 33, 39). 
The places where cobalt contents in water and soils is 
higher include South Shakarpur, Nangli, Fatehpur jat, Palla, 
Nigambodhghat, Nizamuddin bridge and Sungerpur. High 
concentration of cobalt in water and soil samples in these areas is 
mostly due to the high polluted effluents from various industries 
situated in these areas. The industries like electroplating wastes 
from small scale iron and steel industries dyeing and textile 
industries are the possible sources of cobalt in river water and soil 
of the study area. 
High concentrations of cobalt in general is harmful for 
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human health. 
Manganese (Mn):-
Manganese is largely used in the manufacturing of 
ferromanganese alloys, pigments, paints, ceramics and dry cell 
batteries. Manganese, like iron is also a naturally derived metallic 
pollutant and resembles with it in many pollutional aspects. The 
important natural sources of manganese are soils, sedimentary and 
metamorphic rocks. There are large number of industries in Yamuna 
suburbs, manufacturing iron and steel and various small scale 
industries. The effluents discharged from these industries are the 
primary sources of manganese in river water and associated soils of 
the area. Fertilizers and other pesticides in agricultural areas may 
also contribute manganese in river water. Concentration of 
manganese in ground water is usually low due to geochemical 
controls. Since, it is absorbed easily on the clays organic matter 
freshly precipitated hydrated iron oxides, silicates etc. Waters with 
excessive quantities of decaying matter contain significant 
quantities of manganese, since it is a plant nutrient and the reducing 
conditions keep it in solution. At high pH, it tends to precipitate due 
to its conversion into oxidized form. 
Manganese concentration in river water and associated soil 
samples is given below and its variation in time and space is shown 
in Figs. (96.5, 98.21, 104.21, 106.36 and, 109.16, 110.23, 114.6, 
116.23) and Tables (32, 38 and 33, 39). 
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P,Wj 0.02 to 5.83 ppm 
PjW^ N.D. to 4.74 ppm 
PjS, N.D. to 4.773 ppm 
P^Sj N.D. to 4.091 ppm 
Manganese concentration in river water and associated soil 
is quite high and is more than the permissible limits 0.05-0.5 of 
(WHO, 1984) and 0.1-0.5 of (ISI, 1983) both in soil and water 
samples. The places where manganese contents in river water and 
associated soil sample was found to be high, including Usmanpur, 
Nangli, Palla, Salempur, Baquiabad, Majnu ka Tila and old 
Secretariate of Delhi. There are large number of industries in this 
area manufacturing iron and steel in various types of small scale 
industries, discharge their effluents in river, may contain 
manganese which could be a major source for high concentration of 
this metal both in river water and the soil samples. 
Manganese is also an essential element for nutrition of man. 
It does not appear to have toxicological significance in drinking 
water at the quantities generally present in natural waters, 
however, in some cases chronic poisoning by manganese may result 
by its ingestion manifested in progressive deterioration of central 
nervous system (Dreishbach, 1971). Its deficiency may inhibit 
growth, disrupt the nervous system and interfere with reproduction 
functions (McNeely et al., 1979). High concentrations of 
manganese cause magnesium, a disease of central nervous system 
involving psychic and neurological disorders (Niyogi, 1958; Israili, 
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1979; Chandra et al., 198^, Handa, 1983). As a result of this there 
may be irritability, difficulty in walking, speech disturbances etc. 
Nickel (Ni):-
Nickel are extensively used in electroplating, polishing, 
wastes from steel alloy industries, dyes and textile, nickel-cadmium 
batteries and chemical industries which may be the possible sources 
of nickel in water and associated soils. Nickel is not commonly 
found in natural deposits. The concentration of nickel in different 
body tissues has been found to evaluate occupational exposure to 
their salts. 
Nickel concentration in river water and soil sediments is 
given below and their variation at different locations is shown in 
Figs. (96.4, 96.6, 102.6, 102.8, 108-3, 109.16, 114.3, 118.40) and 
Tables (32, 38 and 33, 39). 
Pre-monsoon water(PjWj) N.D. to 1.80 ppm 
Post-monsoon water (PjWj) N.D. to 1.14 ppm 
Pre-monsoon soil (P,Sj) 0.161 to 2.012 ppm 
Post-monsoon soil (PjSj) 0.105 to 1.986 ppm 
The maximum concentration in river water of nickel was 
observed at Garhi mendu and in associated soil sediments at 
Wazirabad water works. 
High concentrations of nickel are harmful for human health. 
Contact with nickel salts in aqueous solution causes dermatitis and 
repeated inhalation of nickel compounds may cause lung cancer 
(McNeely, 1979). 
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Mercury (Hg):-
Mercury is a highly toxic metal. It occurs in the form of 
sulphides in the earth crust. It is released into the environment 
during its production and by human activities like combustion of 
fossils fuels, waste disposal and industrial activities. Main sources 
of mercury in river water may be effluents from various industries 
like paints, storage batteries, printing and dyeing etc. 
In the study area, the mercury concentration in river water at 
various locations ranges as follows. The distribution of mercury in 
various samples is shown in Figs. (98.21, 100.40, 104.21, 106.40) 
and Tables (32, 38). 
P,W; 0.02 to 2.50 ppm 
P^ W^ 0.02 to 2.16 ppm 
The maximum concentration has been observed infront of 
Bhagwan nagar, Shakarpur, Fatehpur jat and Sundernagar areas. In 
area under study, the main source of mercury pollution in river 
water is effluents discharged from various industries and human 
activities. Since, WHO and other agencies have not prescribed any 
limit for mercury in drinking water supplies, it is difficult to 
critically evaluate the extent of mercury pollution in the study area. 
Organic mercurials and inorganic salts of mercury are well 
known toxicant. The main target of attack being brain and kidney. 
Elementary mercury is employed in the electrolytic production of 
chlorine and sodium hydroxide. Phenyl mercury is used in paper 
and pulp industry and other mercurial compounds are used as 
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fungicides. Among the mercury compounds, alkyl mercury 
derivatives are the most toxic, embryotoxic and mutagenic. 
Mercury poisoning leads to impairment of vision and muscles, 
madness, paralysis, coma (Goldwater, 1971) etc. 
Environmental water quality standards:-
The river Yamuna being monitored by Central Pollution 
Control Board (CPCB) for last two decades for the assessment of its 
assimilation capacity, bio-monitoring and evaluation of death rate 
of microbial pollution. The quality of the river Yamuna has been 
gradually degraded during past fe\y decades. 
The major causes for water quality degradation may be: 
- Unabated increase in population of the town located on its 
banks, resulting in increased domestic pollution load. 
- Rapid industrialization in the river catchment area, 
discharge of treated and untreated industrial effluents. 
- Decrease in flow of the river due to intensive abstractive use 
of surface and ground water in the catchment area. About 
85% of pollution problem in river Yamuna is from the 
domestic sources and the unabated discharge of treated and 
untreated sewage generated by burgeoning population which 
is the major cause for deterioration of water quality of river 
Yamuna. 
Polluted water is hardly of any use for most purposes. It can 
not be utilized for drinking because of its inherent health risk. The 
quality of water also interferes with the aesthetic and economic 
160 
pursuits of water by affecting the aquatic life. However, the water 
which is not suitable for drinking may be good for irrigation, or water 
unsuitable for irrigation may be quite suitable for industrial cooling or 
fish growth. Thus, it can be seen that each use of water has its own 
limits on the degree of pollution it can be accepted. 
Every use of water requires a certain minimum quality of 
dissolved and suspended materials of both chemical and biological 
nature. The interpretation of chemical, physical and biological 
analysis is highly subjected matter and is not possible to have a single 
water quality criteria that can have universal applications. Therefore, 
certain accepted standards have been adopted while interpreting the 
chemical analysis result of water in relation to its use. Water quality 
criteria is considered as specific requirement on which a decision or 
judgement to support a particular use will be based. Since the present 
study deals, particularly with inorganic constituents of water and soil 
to determine the pollutional intensity, the BOD, COD and bacterial 
contents were not analysed. However, this aspect shall be looked into 
the future research work. 
Calcium, magnesium, potassium and sodium are major 
constituent of water. These dissolved ions affect the quality of water, 
as acidic, neutral, alkaline or saline water, which in turn affect the 
quality of ground water used for irrigation, domestic and industrial 
purposes. The quality required for ground water supply depends upon 
its purpose, thus, needs for drinking water, industrial water and 
irrigation water is very widely. In specifying the quality of water, 
measures of chemical, physical and biological constituents are 
important depending upon the purpose for which it is utilized, 
recommended limits of water quality can be determined, serving as 
guides for protection and development of water and soil water. 
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In general, the study of quality of water is important for the 
following purposes. 
1. To know the geochemistry of the surface water and soil 
water. 
2. To know the suitability of surface water for various uses and 
for possible treatment of the quality of surface water is not 
suitable for given purpose. 
Expression of water analysis:-
Various units are commonly employed in expressing the 
data obtained for chemical analysis of water and soil samples which 
are listed as follows: 
1) Weight per weight units:-
The most common units is parts per million (ppm), which 
represents one part by weight of dissolved matter in million part of 
weight of solution. It is a dimension less unit and parts per million 
and milligram per litre are numerically almost the same, if the 
concentration of dissolved solids is low and specific gravity of 
water is nearly one. 
2) Equivalent weight units:-
As cations and anions combine in a fixed ratio, this method 
takes into account the weight concentration of ions but also the 
concept of ions and chemically equivalence. The common unit is 
equivalents per million (epm) or more exactly milligram/ 
equivalents per kilogram. Equivalents per million is calculated by 
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dividing parts per million by equivalent weight of ion. In present 
work the values are expressed in terms of parts per million and 
equivalent per million. 
Present chapter deals with the quality limits of water 
samples for domestic uses, industrial and irrigation purposes. From 
the study point of view, descriptions have been divided into three 
parts. 
1. Water quality standards in relation to irrigation:-
The concentration and composition of dissolved constituent 
in water determine its quality for irrigation use. Quality for water is 
an important consideration in any appraisal of salinity or alkali 
condition in an irrigated area, because effects of salts on soils, 
causing changes in soil structure, permeability and aeration, 
indirectly affect plant growth. 
Utilization of water for irrigational purpose depends on 
many factors such as texture and composition of soil, type of crop, 
climate, irrigational practices and finally chemical quality of water. 
With regard to the quality of water for irrigation, the major 
parameters of concern are salinity denoted by dissolved solids and 
conductivity, potentially toxic trace elements and herbicides. 
Besides, the presence of sodium is also an important parameter, the 
excess quantity of which can deteriorate the soils. High value of 
sodium may also damage the sensitive crops because of sodium 
phototoxicity. 
The suitability of water for agricultural purposes is depend 
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on the effects of the mineral constituents of the water on both plant 
and soil. Effects of salts on the soils causing changes in soil 
structure, permeability and aeration indirectly affect plant growth. 
Specific limits of permissible salt concentration for irrigation, 
water cannot be stated because of the wide variations in salinity 
tolerance among different workers. Organizations and agencies, 
including Kelly et al. (1940), Wilcox (1955), Eaton (1950) U.S. 
salinity Laboratory (1954), Federal Water Pollution Control 
Federation (1968), Environmental Protection Agency (1973), Ayers 
and Branson (1975) and Ayers and Westcot (1976) for evaluating 
the suitability of water for agricultural purposes. 
(i) Total dissolved solids:-
If the salt concentration in water increase, it is difficult to 
the plants to extract water. 
According to U.S. Salinity Laboratory (1954), the irrigation 
water is classified to determine: 
(a) Salinity hazards 
(b) Sodium hazards 
(a) Salinity hazards: Water in range of 450 to 1500 TDS in ppm 
can be used for irrigation under good management and if 
concentration of salts is very high, there will be toxic effect of 
concentration salt, to the plants. The quality classification of 
irrigation water as suggested by U.S. Salinity Laboratory (1954) is 
given in table 20. 
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TabIe-20 
US salinity Laboratory (1954) 
Salinity Hazards 
E.C. in jis/cm 
<250 
250-750 
750-2250 
>2250 
Class Salinity 
C, Low salinity water 
C, Medium 
salinity water 
Cj High salinity 
water 
C^  very high 
salinity water 
Alkali Hazards 
(SAR) 
<10(S,) 
10-18 (S )^ 
18-26 (S3) 
>26(S,) 
Water Class 
Excellent 
Good 
Moderate 
Poor 
)LiS/cm = microsiemens/cm = microhos-/cm 
The values of electrical conductivity and sodium adsorption 
are plotted on U.S. salinity diagram (Figs. 21a, 21b) which gives 
direct indication of salinity and alkali hazards. A perusal of (tables 
28, 34) and (Figs. 2Ia, 2Ib) shows that the water of the area at 
some places belongs to the categories C^Sj and C3S2 which falls 
within the zone of good water quality, but most places belongs to 
the categories C3S3 and C^S^ which falls within the zone of good to 
moderate water quality classes. The samples collected from Garhi 
mendu, Usmanpur, Yamuna bridge, Yudhuster setu, old Yamuna 
bridge, Kailashnagar, Gandhinagar, Mahila colony, Geeta colony, 
G.N. Pantoon bridge, Shivpur and Govindpuri, Kishanganj, Nangli, 
Chillasaroda banger, Okhla bridge, Shantivan, Indra colony, infront 
of Bhagwannagar and Sundarnagar fall in moderate to good zone of 
water classes. 
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b) Sodium Hazards:-
Soluble inorganic constituents of irrigation water react with 
soils as ions rather than as molecule. The principal cations are 
calcium, magnesium and sodium, with small quantities of potassium 
ordinarily present. The principal anions are carbonate, bicarbonate, 
sulphate and chloride with fluoride and nitrate occurring in low 
concentrations. 
The alkali hazard involved in the use of water for irrigation is 
determined by absolute and relative concentrations. If the 
proportion of sodium is high, alkali hazard is high and conversely, 
if calcium and magnesium predominate, the hazard is low. Alkali 
soils are formed by accumulation of exchangeable sodium and are 
often characterized by poor tilth and low permeability. High 
concentration of sodium relative to calcium and magnesium in 
irrigation waters adversely affect the soil structure. The cations in 
the soil solution, become fixed on the surface of clay particles. 
When high sodium water is applied to soil, the number of sodium 
ions, combined with the soil increases while an equivalent quantity 
of calcium, or other ions, is displaced. Sodium tends to deflocculate 
and effects (reduced) porosity and permeability of the soil. In an 
opposite case, where calcium is dominant cation, the exchange 
occur in the reverse direction, creating a flocculated and more 
permeable soil. The addition of gypsum (CaSO^) to soil results in 
the improvement of soil texture and drain ability through base 
exchange process. 
The adverse effect on soil caused by the high concentration of 
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sodium is known as sodium hazard index used for predicting the 
sodium hazard of irrigation water is the concentration of sodium 
and proportion of sodium to calcium and magnesium which is 
known as sodium adsorption ratio (SAR) as proposed by U.S. 
Agriculture Department may be defined by equation. 
Na 
SAR= 
V Ca + Mg/2 
Where Na, Ca and Mg are in epm (Milli-equivalent per litre). 
Sodium adsorption ratio of soil solution is simply related to 
adsorption of sodium by soil, consequently, this ratio has certain 
advantages for use as an index of sodium or alkali hazard of water. 
The concentration of soil solution is increased by extraction 
of water from soil by root and by evaporation as the quantity of salt 
absorbed by plants is relatively small, the salt remained in the soil 
are more concentrated than the applied irrigation water, in next 
irrigation this more concentrated solution may be displaced 
downward or diluted, and so the concentration of solution in 
contact with the soil varies with time and location in the irrigation 
water. It is reasonable to assume, that for limited zone of soil, such 
as the top 12 inches, the concentration of the soil solution is not, on 
the average more than 2 or 3 times the concentration of irrigation 
water, under conditions, in the soil where it is permissible to neglect 
precipitation and absorption of soluble salts by roots, it is clear that 
irrigation water, after entering the soil, becomes more concentrated 
without change in its relative composition, i.e. if the soluble 
sodium percentage does not change. The SAR value, however, 
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increase in proportion to the square root of total concentration i.e. 
if the concentration is quardrupled, the SAR value will be doubled. 
It has been observed that where an irrigation water of relatively 
constant composition is used and drainage conditions are good. 
This implies that the cation exchange material of the soil has 
reached a steady state relative to cations in the soil solution which 
are derived from irrigation. 
Classification of irrigation water:-
Classification of irrigation water with respect to SAR is 
based primarily on the effect of exchangeable sodium and physical 
conditions of soil. Sodium sensitive plants may, however, suffer 
injury as a result of sodium accumulation in plant tissues when 
exchangeable sodium values are low than those effective in causing 
deterioration in the physical conditions of the soil. Four classes of 
irrigation water according to SAR values are given below. 
1. Low sodium water (Sj):-
Low sodium water (Figs. 21a, 21b) can be used irrigation on 
almost all soils with little danger of the development of harmful 
levels of exchangeable sodium. However, sodium sensitive crops 
such as stone fruit trees may accumulate injurious concentration of 
sodium. 
2. Medium sodium water (Sj):-
Medium sodium water (Figs. 21a, 21b) may be caused by 
appreciable sodium hazard in fine textured soils having high cation 
exchange capacity - specially under low leaching conditions, unless 
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gypsum (CaSO^) is present in the soil. This water may be used on 
coarse textured or organic soil with good permeability. 
3. High sodium water (S3): -
High sodium water (Figs. 21a, 21b) may produce harmful 
exchangeable salts in moist soils and will require special soil 
management, good drainage, high leaching and organic matter. 
Additions of gypsiferrous soils may not develop harmful levels of 
exchangeable sodium from such waters. Chemical amendments may 
be required for the replacement of exchangeable sodium, except the 
amendments which may not be feasible with waters of high salinity. 
4. Very high sodium water (S^):-
Very high sodium water (Figs. 21a, 21b) is generally 
discarded except at low and perhaps medium salinity. Use of 
gypsum or other amendments may make the use of these water 
feasible. Some times the irrigation water may dissolve sufficient 
calcium from calcareous soils to decrease the sodium hazard 
appreciably and this would be taken into account in the use of class 
S3 and S^  may be improved by addition of gypsum to water. 
Similarly, it may be beneficial to add gypsum to soil periodically 
when class S3 and S^  water are used. 
Goel (1997) has suggested criteria based on different 
chemical constituents and SAR values for irrigation purpose. 
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Table 21 
Suitability of water with different constituents for irrigation 
Class of 
water 
I 
II 
III 
TDS 
(ppm) 
0-700 
700-200( 
>2000 
Sulphate 
(ppm) 
0-192 
192-482 
>480 
Chloride 
(ppm) 
0-142 
142-2355 
>355 
%Na 
0-60 
60-75 
>75 
E.C. 
(|i,s/cm) 
0-750 
750-2250 
>2250 
Suitability for 
Irrigations 
Excellent to 
good for 
irrigation 
Good or 
injurious 
suitable only 
with permeable 
soil and 
moderate 
leaching, 
harmful to 
selective 
crops 
Unfit for 
irrigation 
Table 22 
Suitability of water for irrigation with different values of SAR 
SAR 
0-10 
10-18 
18-26 
>26 
Suitability for irrigation 
Suitable for all types of crops and all types of soils 
expect for those crops which are highly sensitive to 
sodium. 
Suitable for coarse textured or organic soils with good 
permeability. Relatively unsuitable in fine textured 
soils. 
Suitable for coarse textured or organic soils with good 
drainage, high leaching and gypsum addition. 
Unsuitable for irrigation. 
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While comparing the data of the present investigation with 
the above classification (Table no. 21), it is seen that in general the 
water of the area fall in Ilnd class of all types of crops and all types 
of soils except for those which are highly sensitive to sodium. 
Ayers and Branson (1975) and Federal Water Pollution 
Control Federation U.S.A. (1968) have proposed tolerance limit of 
trace elements for irrigation (Table 23). While comparing the 
contents of trace elements in water of the study area with standard 
limits, it is found that the concentrations of trace elements are well 
within the permissible limits. 
Table 23 
Trace elements tolerance limit (mg/L) of irrigation water as 
proposed by FWPCF (1968) and Ayers and Branson (1975) 
Trace elements 
Copper 
Iron 
Manganese 
Zinc 
Cadmium 
Lead 
Chromium 
Lithium 
Water use (FWPCF, 1968) Water use (Ayers &, Branson, 1975] 
Continuous 
0.2 
-
2.0 
5.0 
0.005 
5.0 
5.0 
5.0 
Short term 
in fine 
textured soil 
5.0 
-
5.0 
10.0 • 
0.05 
10.0 
0.05 
5.0 
Continuous 
0.2 
5,0 
0.2 
2.0 
0.01 
5.0 
0.1 
2.5 
Short term 
in fine 
textured soil 
5.0 
15.0 
10.0 
10.0 
0.05 
10.0 
1.0 
2.5 
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As zinc is an essential micronutrient for plants, its 
deficiency in water which is used for irrigation may results in a 
number of plant disease like bronzing of tung, rosette of pecan and 
white bud of maize. 
2. Water quality standards in relation to domestic user-
Quality limits of water supplied for drinking purposes, 
established by various organizations. In view of the direct 
consumption of water by human beings, the domestic water supply 
is considered to be the most critical use of water. Drinking water 
standards are based on the presence of objectionable tastes, odours, 
colour and the presence of substances with adverse physiological 
effects. Various national and international organizations like Indian 
Council of Medical Research (1975), NTAC Indian Standard 
Institution (1983) and World Health Organization (1971, 1984) 
have formulated certain drinking water standards. The main 
objectives of these guidelines is to safeguard the health of the 
people and to combat pollution hazards. 
The chemical data of the samples of the study area are 
compared with drinking water standards of world health 
organization (1984) and Indian Standard Institution (ISI, 1983). 
Table No. 24 shows that the concentration of Ca, Mg, 80^, 
NO3, CI and fluoride are below on highest desirable limits of WHO 
(1984) and ISI (1983) and in a few samples nitrate, fluoride and 
sulphate contents were found more than the maximum permissible 
limits of (WHO, 1984, ISI, 1983). The values of total hardness are 
within the permissible limits of (WHO, 1984, ISI, 1983). The values 
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of total hardness are within the permissible limits of (WHO, 1984, 
ISI, 1983) and TDS were found higher at a few places in the study 
area. Water is, therefore, characterized by higher extent of 
salinization. Overall, the water is fresh to brakish quality and 
moderately hard to hard and alkaline in nature. 
The concentration of certain trace elements like Fe, Cu, Mn, 
Zn, Pb, Cr, Cd are reported to have exceeded the drinking water 
standard of (WHO and ISI) at most of the places in the area. Trace 
elements are most harmful and are the toxic pollutants, because of, 
their non-biodegradable nature and their potential to cause adverse 
effects on human health. 
Table - 25 
United States Environmental Protection agency DroDOsed criteria 
for water quality used for irrigation, livestock, public water supply 
Characteristic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Sodium 
Zinc 
Chloride 
Hardness 
Dissolved oxygen 
pH 
Irrigation 
(ppm) 
0.017 
0.053(20 yrs) 
1.0(20yrs) 
5.0 (20 yrs) 
10.0 
0.2 (20 yrs) 
10.0 
0.20 (20 yrs) 
2.0 
no limit 
-
no limit 
-
-
4.5-9.0 
Livestock 
(ppm) 
-
1.0 
0.5 
0.1 
no limit 
-
-
25 
-
-
-
-
Public supply 
(ppm) 
0.01 
0.05 
1.00 
0.05 
0.05 
-
-
5 
250 
no limit 
no limit 
5.0-9.0 
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Table - 26 
U.P. Public Health Drinkii 
Chemical characteristics 
Lead 
Fluoride 
Arsenic 
Selenium 
Chromium 
copper 
Fe + Mn 
Magnesium 
Zinc 
Chloride 
Sulphate 
Phenols 
Total solids (desirable) 
Total solids (permitted) 
12 Water Standards 
Upper limit, ppm 
0.01 
1.5 
0.05 
0.05 
0.05 
3.0 
0.30 
125.0 
15.0 
250.0 
250.0 
0.001 
500.0 
1000.00 
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Table-27 
ICMR, NTAC water quality criteria for Public Water Supply 
Characteristics 
Coliform 
Cadmium 
Chloride 
Lead 
Manganese 
Chromium 
Zinc 
Copper 
Arsenic 
Nitrate 
Mercury 
Cyanide 
PH 
ICMR, (ppm) 
-
0.01 
-
0.01 
-
-
-
-
0.05 
-
0.001 
0.05 
-
NTAC, (ppm) 
-
0.01 
250 
0.05 
0.05 
0.05 
5.0 
1.0 
0.05 
-
-
-
6-8.6 
ICMR-Indian Council of Medical Research 
NTAC-National Technical Advisory Committee 
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a) Ratios of Ca/Na/Mg are generally high in basic igneous 
rocks. 
The source of salts is mainly from ferromagnesium 
minerals and plagioclase feldspar. 
b) Sedimentary rocks, particularly sand stones, will have the 
ratios of Ca/Na/HCOj/Cl, SO/Cl are commonly higher 
than water from igneous rocks and generally TDS are also 
higher. 
c) In case of alluvium, the nature of concentration depends 
upon the source rock, i.e. the alluvium is being derived 
from igneous or from sedimentary source rocks. 
In general, the waters in alluvium derived from igneous 
rocks will have low total dissolved salts, compared to the 
alluvium derived from sedimentary rocks, but the climatic 
conditions, nature of irrigation, organic contents may give rise to 
very high concentration of total dissolved solids with chlorides 
and sulphates. 
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CHAPTER-IX 
SUMMARY AND CONCLUSION 
Environmental pollution is a pressing problem of vital 
importance of present decade because it involves the entire 
ecosystem which deals the study of air, water, soil energy, animals, 
plants in relation to human activity, all interact in a complex 
network. Rapidly increasing industrialization and excessive 
consumption of various agricultural products released innumerable 
toxic effluents which enter the body of water and associated soil 
sediments and adversely affect all the forms of ecological system in 
varying degree by various trace metals which are the most insidious 
pollutants because of their non-degradable nature. 
The area, under study, occupies the Yamuna river and its 
suburbs Delhi is alleged to be the most pampered city and receives 
the most favoured city status from the government, the management 
of Delhi 's environment has not achieved even the minimum 
standards in the maintenance of the quality of natural endowments 
such as air, water and land. Naturally, it is necessary to understand 
the status of natural environment, their rate of depletion, and its 
capacity to regenerate. So that environmental paradigms for future 
development could be established. 
The NCT of Delhi possesses the most central and strategic 
position in Indian sub-continent. Located between 28°4717"-
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28°54'24" north latitudes and 76°54'24"-77°20'37" east longitutes, tlic territory is 
largely situated on the western bank of the river Yamuna, the other side being 
protected by the ridge. The city commonds the gateway to fertile Indo-Gangetic 
plains and holds an unrivalled strategic location in the country. 
The large area was covered to study the broader aspects of surface water 
and soils of the river Yamuna and the impact of environment on them. Although, 
detailed study of a small stretch of Yamuna may be useful, for intensive 
hydrochemical study covering several parameters, as and when adequate analytical 
facilities will be available. 
The prime objectives of the present study have been to comprehend the 
various sources, causes and extent of water and soil pollution as well as their 
intensity in an area which is not only thickly populated and heavily industrialized 
but also agriculturally known as very productive bowl of Delhi area. The 
suitability and effective remedies of potable and irrigation water and soils may 
also be worked out to some extent. Various trace metals, e.g. Fe, Cu, Pb, Zn, Cd, 
Cr, Mn and Ni and commonly found major elements e.g. CI, Ca, Mg, Na, K, NO,-
CO3 and HCO3 etc. are determined in surface water and associated soil sediments 
samples which were collected very close to industries and river. 
The successively increasing amount of chemicals in rivers and other water 
bodies, resulting from the enhanced dischrged of industrial and municipal 
wastewater has become the major problem affecting water quality. Various 
industrial plants located in the study area discharged significant untreated waste 
affluents into the river through open drains and sewage pipes and also on the 
ground surface which are in the immediate vicinity of these plants. Among these 
wastes, the significant pollutants like BOD, COD, DO, suspended solids, oils and 
greases together with a number of trace 
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metals like Cu, Zn, Cr, Mn, Fe, Cd, etc, subsequently leached down 
and pollute the surface water and associated soils sediments. 
Position, drainage pattern, soil type and chemistry, geology, 
population pattern, social status and other elements of 
environmentally compatible micro-level planning of the region has 
to be prepared before establishing any industrial complex which 
might help in alleviating the pollution and selecting the proper 
disposal sites. 
As a result of pollution, there is an increasing need to treat 
water before it is suitable for diverse uses like drinking, irrigation 
and purposes to treat wastewater before its discharge back into the 
water cycle. The contamination of surface water bodies and soils 
mainly caused by the presence of various type of industrial 
effluents as well as human impact i.e. the use of different types of 
detergents, solid waste materials. The quality of water, measures of 
chemical, physical and bacterial constituents are important, 
depending upon the purpose for which it is utilised. 
t 
The principal sources of water and soil pollution in the study 
area are municipal, industrial and agricultural wastes and out of 
these, industrial wastes are the most troublesome to control. A 
survey of major elements and heavy metal concentrations in surface 
water and associated soil sediments of the study area has been of 
great importance because of their high toxicity and non-degradable 
nature and their potential to cause various adverse effects in human 
beings at certain level of exposure and absorption. 
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The concentration of chloride in river water and soil 
sediment samples ranges in pre and post monsoon period between 
p,w, (62.48 ppm - 255.6 ppm), p^ w^ (52,48 ppm- 243.71 ppm) and 
p, s, (28.4 ppm - 1448.80 ppm), p^s^ (24.7 ppm-1392.7 ppm). In 
major part of the area, the chloride content is below 200 mg/1. 
Higher contents of chloride in water (255.6 ppm in sample no. 3) 
and lowest (62.48 ppm in sample no. 46) and soil highest (1448.8 
ppm in sample no. 26) and lowest (24.7 ppm in sample no. 1) were 
observed at Shantivan garments dying industrial area and 
residential colonies of NE or NW Delhi and minimum is 
Tehridaulatpur and Baquiabad. A high concentration of chloride 
gives salty taste to water and where it is in large amount it results 
in the corrosion of metal pipes and harmful to plant lif. People who 
are not accustomed to high chloride content in water are subjected 
to laxative effect. 
Calcium content in water and soil of the area ranged in pre 
and post monsoon period between p^w, (32.06 ppm - 80.16 ppm), 
p^ Wj (28.66 ppm - 73.16 ppm) and p,s, (32.06 ppm - 901.80 ppm), 
p^Sj ( 28.04 ppm - 877.20 ppm). The higher (80.16 ppm in sample 
no. 9) concentration of calcium in water was reported from 
Gandhinagar and minimum (32.06 ppm in sample no. 34)in 
Salempur areas. Various types of industries are situated in 
Gandhinagar area like garments dying, storage batteries industries, 
printing and paint industries etc. The higher (901.80 ppm in sample 
no. 41) concentration in soil was noticed infront of 2 km. South of 
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can be reduced and absorbed into the blood oxidizing the iron fo 
haemoglobin. It interferes with oxygen transfer and causes 
cyanosis. Non-convincing evidence of a positive relationship 
between gastric cancer and consumption of drinking water 
containing nitrate levels upto 10 mg/1 have been noticed. It was 
reported that exposure to dimethylnitrosoamines has produced 
acute lever damage in men working in industrial laboratories. 
The bicarbonate and carbonate contents in water and soils 
under study ranges in between both periods. Bicarbonate in water 
and soil varies as p,w, (39 ppm - 780 ppm), p^ w^ (39 ppm - 758 
ppm) and p,s, (65ppm - 1885 ppm), p^s^ (58.5 - 1840 ppm). In about 
50% samples bicarbonate concentration in water ranged from 200 to 
400 mg/I in the study area. High (780 ppm in sample no. 42) 
concentration of bicarbonate was noticed infront of Majnu ka Tila 
and lower (39 ppm in sample no. 37) at Nigambodh ghat. In soil 
samples highest (1885 ppm in sample no.8) concentration was 
found in Kailash nagar and lowest at (65 ppm in sample no. 46) 
Tehri daulatpur. 
Carbonate concentration in water and associated soil 
sediments in the area ranged from p,W| (13 ppm - 104 ppm), P2W2 
(13 ppm - 93 ppm) and p,Sj (N.D. - 910 ppm) p^s^ (N.D. - 895 
ppm). Higher (104 ppm in sample no. 6) concentration in water 
was found near Yudhustar setu and lower (13 ppm in sample no. 10) 
at Mahila colony area whereas in soil sediment a higher (910 ppm 
in sample no.31) concentration was noticed at Jhingola and lowest 
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(N.D. in sample no. 30, 32, 40, 42 & 43) in within N.D. at 
Akbarpur, Sungerpur, Bhagwan nagar, Majnu ka Tila, old 
Secretriate Delhi. High concentration of bicarbonate may principaly 
be due to discharge of industrial effluents and other waste products 
that have high content of bicarbonate in these water bodies. Main 
sources of bicarbonate in water and soil include carbondioxide, in 
atmosphere, carbondioxide in the soil, leaching from carbonaceous 
rocks and carbondioxide released due to bacterial oxidation of 
organic matter. 
The concentration of fluoride in water and associated soil 
sediment samples ranges in pre and post monsoon period between 
p,w, (0.017 ppm - 1.66 ppm), p^ w^ (0.015 ppm - 1.62 ppm) and p,s, 
(0.01 ppm - 0.95 ppm), p^s^ (0.01 ppm - 0.92 ppm). The natural 
environmental pollution due to fluoride in water is a matter of great 
concern as it leads to serious consequences on human health. The 
common natural sources of fluoride are calciumfluorides, 
amphiboles, volcanic and fumarolic gases. In the study area, main 
sources of fluride are fluoride salts used in small scale industries 
manufacturing steel goods, aluminium bricks and various motors 
parts industries, etc. Phosphate fertilizers often contain fluoride as 
an impurity and are extensively used in the area. The main cause of 
increase in fluoride content of soils are the fertilizers, industrial 
wastes and other soil amendments. 
Highest value (1.66 ppm in sample no. 46 and 1.17 ppm in 
sample no. 45) of fluoride in water was recorded from 
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Nizamuddin bridge and lowest at (32.06 ppm in sample no. 8). 
These extremely high values of Ca may be mainly due to return 
irrigation flow, unscientfic use of calcium containing rocks, clay 
minerals and kankars. Calcium is an essential constituents for 
human body which requires 0.7 to 2.0 gm/day. However, large doses 
are required by pregnant and lactating women and growing 
children. In human body it is essential for muscular and narvous 
system, cardiac functions and in coagulation of blood. Low levels 
of calcium may have adverse effects on human health. Higher 
content is also harmful resulting in the formation of kidney and 
bladder stones and irritation in urinary passages. 
Magnesium concentration in river water and associated soil 
sediment samples varies in pre and post monsoon periods e.g. p,w, 
(14.62 ppm - 63.4 ppm), p^ w^ (15.22 ppm - 64.04 ppm) and PjSj 
(N.D.- 429.35 ppm), p^s^ (N.D. - 423.88 ppm). In most of the river 
water samples, magnesium concentratioin is found under the 
permissible limits. In associated soil sediments higher (429.35 ppm 
in sample no. 42) concentration of magnesium have been observed 
infront of Majnu Ka Tila location and lowest in (N.D. in sample 
no. 3, 5, 7, 10, 13, 14, 17, 21, 30, 36, 37) concentration of 
megnesium have been observed at Wazirabad water works, 
Usmanpur, Yamuna bridge, Palla, Nigambodhghat. In this area plant 
residue ash, thick reh deposits and clay mineral may be another 
contributors for such an abnormaily high content of Mg in water 
and soil samples. Magnesium is an essential nutrient for human 
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body with an average adult requirement of 200 to 300 mg/day. 
Magnesium deficiency is associated with structural functional 
changes and may cause severe diarrhoea. 
The concentration of sodium in water and associated soil 
sediment samples in the area ranged in pre and post monsoon 
periods as p,Wj (52 ppm - 156 ppm), p^w^ (42 ppm - 147 ppm) and 
p,s, (N.D. - 409.47 ppm), p^s^ (N.D. - 397.18 ppm). Sodium is 
present in nearly all natural waters and its concentration in water 
and soil depends on various conditions like industrial activities, 
human influence and weathering of rock mineral present in soil. 
Higher values of sodium (156 ppm in sample no. 10 and 28) in 
water samples have been recorded in front of Mahila colony and 
Indra Colony. But low (52 ppm in sample no. 32) values were 
observed near the Sungerpur colony. High values (409.47 ppm in 
sample no. 26 and 325.26 ppm in sample no. 46) in associated soil 
sediments have been recorded near Gandhinagar pantoon bridge and 
about 2 Km. South of Nizamuddin bridge. Whereas at Kishanganj, 
Laxminagar, Nangli, Chilla saroda banger, it was below (N.D. in 
sample no. 14, 15, 20, 21) the detectable limits. Water and soil 
samples both have a higher concentration of sodium because due to 
the proximity of many chemical and allied industries. On the whole 
soil samples have higher concentration of sodium as compred to 
water samples due to its low mobility. Though sodium is an 
essential element of human body, it's higher content in drinking 
water may be harmful to persons suffering from cardio and renal 
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diseases pertaining to circulatory system. 
The concentration of potassium in river water and soil 
sediment samples ranges in pre and post monsoon period between 
PjW^ (1 ppm - 32 ppm), p^ Wj (1 ppm - 29 ppm) and p,S2 (1.33 pp -
436.0 ppm), PjSj (1.33 ppm - 436.0 ppm). The higher values (32 
ppm in sample no. 42) in water samples is recorded at Majnu ka 
Tila and lower (1 ppm in sample no. 32 and 34) in Sungerpur and 
Salempur whereas in associated soil sediments higher (436 ppm in 
sample no. 46) concentration is found at 2 km south of Nizamuddin 
bridge and lower (1.33 ppm in sample no. 6 and 16) at Yudhustar 
setu and south Shakarpur areas. Potassium is less common cation as 
compared to sodium in water which may be due to reactions with 
clay minerals. The main source of potassium in water in the study 
area may be excessive use of potash fertilizers, weathering of 
potash silicate minerals, rain water, return irrigation flow, etc. 
Potassium in the form of fertilizers is excessively used in the study 
area in order to enhance the yield of crops. Abnormally high 
contents of potassium in water and associated soils were generally 
restricted to phreatic aquifer waters suggesting human and animal 
intervention, particularly agricultural activities of man causing 
accretion of potassium in water and soil. 
The concentration of sulphate in river water and soil 
sediment samples ranges in pre and post monsoon period between 
p,w, (32.92 ppm- 1629.54 ppm), p^w^ (32.92 ppm - 1518.04 ppm) 
and p,s, (96.70 ppm - 3660.29 ppm), p s^^  (87.40 ppm - 3445 ppm). 
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Associated soil in Nangli, Akbarpur Majra, in front of Bhagwan 
nagar, 2 Km south of Nizamuddin bridge, Majnu ka Tila and infront 
of old secretariat Delhi areas have excessively higher (2180.95 ppm 
in sample no. 20, 3660.29 ppm in sample no. 30 and 2547.18 ppm 
in sample no. 43 and lowest 96.70 ppm in sample no.3) 
concentration. Similarly the river water near Indra colony (old 
Yamuna bridge) areas have excessively higher (1629.54 ppm in 
sample no. 28 and lowest 32.92 ppm in sample no. 38) conentration 
of sulphate. The main sources of sulphate in water include sulphate 
minerals in sedimentry rocks, oxidation of sulphides from igneous 
rocks and volcnic emanation, various soil amendments such as 
gypsum, pyrite fertilizer and rain water. 
The nitrate contents in water and soils of the area under 
study ranges in between both period such as p,w, (N.D. 45.72 
ppm), PjWj (N.D. - 41.62 ppm) and p,s, (2.44 ppm - 53.92 ppm), 
P2S2 (1.09 ppm - 45.71 ppm). Almost at all the places, nitrate 
contents were found to be under the permissible limit of WHO. The 
nitrate contents in soil samples found to be higher (53.92 ppm in 
sample no. 26 and 50.12 ppm in sample no. 16) at two places namely 
Yadhuster setu and south of Shakarpur. These areas were 
sorrounded by various types of industrial and agricultural based 
activities thus providing different types of wastes resulting in an 
nitrate pollution. Nitrate content in drinking water is considered 
important for its adverse health effect. Higher contents of nitrate in 
drinking water may cause methemoglobinemia in infants. Nitrate 
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Tehridaulatpur and in front of Sundarnagar and associated soil 
samples near Yudhustar setu area where a highest value (0.95 ppm 
in sample no. 6) of fluoride was recorded. 
Fluoride concentration in 80% to 85% of water samples is 
less than the permissible limit and so is the case in soil samples 
also. High fluoride level in drinking water gives rise to mottled 
enamel of the teeth, skeletal fluorosis and some time severe 
osteosulerosis whereas deficiency of fluoride causes over 
acidification of teeth, bones and dental carries. Fluoride reduces 
solubility of enamel in acid and also acts inhibitor of bacterial 
enzymes producing the acid which attacks the enamel. Fluoride 
with lower concentration at an average of 1.0 mg/1 is regarded as an 
essential constituents of drinking water mainly because of its role 
in prevention of dental carries. 
Sodium adsorption ratios of the river water and associated 
soil sediment are plotted on U.S. salinity diagram, which gives 
direct indication of salinity and alkali hazards. The water samples 
of the area at some places belongs to the categories C^S^ and C^S^ 
which falls within the zone of good water quality, but of many 
places it belongs to the categories of C3S3 and CjS^ which falls 
within the zone of good to moderate water quality classes, the soil 
samples of the area at some places belong to the categories of C^S, 
and C3S2 which falls within the zone of good to moderate water 
quality classes, and some samples show moderate to poor quality 
classes. The sample collected from Garhi mendu, Usmanpur, 
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Yamuna bridge, Yudhuster setu, Old Yamuna bridge, Kailasli nagar, Gandhinagar, 
Mahila colony, Geeta colony, Shivpuri and Govindpuri, Kishanganj, Nangli, 
Chiilasarodabanger. Okhla bridge. Shantivan, Indra colony fall in good to 
moderate zone of water classes, they have also least amount of nutritional 
hazards to various crops grown within the area. 
The pH values of water and associated soil sediment samples ranges in pre 
and post monsoon periods as p,w, (7.06-8.86) p,w, (7.32-8.72) P|S| (7.41-8.44) 
PjSj (7.45-8.41). Maximum (8.86 in sample no.8) pH of river waters was recorded 
at Kailashnagar and minimum (7.06 in sample no. 44) was recorded at Okhla 
barrage. In soil samples maximum pH was recorded at Salempur and minimum 
infront of Nizamuddin bridge. Relatively high pH in water and soil samples of the 
study area may be partly due to greater salinity in the host rocks and partly to 
enhanced industrialization. 
Graphical Methods and Hydrochemical facies analysis is an importnt task 
in river water and associated soil sediment investigations and compilation and 
presentation of chemical data in a convenient manner for visual inspection. In 
general the tables showing results of analyses of chemical quality of ground water 
and surface water may be difficult to interpret, particularly where more than a few 
analyses are involved. To overcome this problem, graphic representations are 
useful for display purposes, for comparing analyses, and for emphasizing 
similarities and differences. Graphs can also aid in detecting the mixing of water 
of different compositions and in identifying chemical processes occurring as 
ground water and surface water moves. A variety of graphic techniques have been 
developed for showing the major chemical constituents; some of the more useful 
graphs, which are used in the present study, are first described and illustrated in 
the following paragraphs: 
The vertical bar graphs, widely used in the United States for portraying 
chemcial quality.. Each analysis appears as a vertical bar having a height 
proportional to the total concentration of anions or cations, expressed in 
milliequivalents per liter. The left half of a bar represents cations, and the right half 
anions. These segments are divided horizontally to show the concentrations of major ions or 
groups of closely related ions and identified by distinctive shading patterns. 
Pattern diagrams, first suggested by Stiff (1951), for representing chemical 
analyses by four parallel axes. Concentrations of cations are plotted to the left of 
a vertical zero axis and anions to the right, all values are in milliequivalents per 
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liter. The resulting points, when connected, form an irregular polygonal pattern, 
waters of a similar quality define a distinctive shape. 
Circular diagram of water quality with a special scale for the radii so that 
the area of a circle is proportional to the total ionic concentration of the analysis. 
Sectors within a circle show the fractions of the different ions expressed in 
milliequivalents per liter. 
One of the most useful graphs for representing and comparing water 
quality analyses is the trilincar diagram b\ Piper (1953). In this diagram, cations 
expressed as percentages of total cations in milliquivalcnts per liter, plot as a 
single point on the left triangle; while anions, similarly expressed as percentages 
of total anions, appear as a point in the right triangle. These two points are then 
projected into the central diamond-shaped area parallel to the upper edges of the 
central area. This single point is thus uniquely related to the total ionic 
distribution; a circle can be drawn at this point with its area proportional to the 
total dissolved solids. The trilinear diagram conveniently reveals similarities and 
differneces among groundwater and surface water samples because those with 
similar qualities will tend to plot together as groups. Furthermore, simple mixtures 
of waters derived from this sources can be identified. For example, analysis of any 
mixture of two waters will plot on the straight line AB on the diagram, where A 
and B are the positions of the analyses of the two componnet waters. Although, 
these diagram have generally been used in ground water studies, they have also 
been successfully used in surface water studies (e.g. G. Stamatis 1999). 
In water and soil samples, the concentration of cations in all samples Na + 
K are higher than other constituents, among the anions, the concentration of 
sulphate is higher than other constituents. Though overall concentrations of both 
cations were low. Sulphate content among anions was high in all samples. 
The trilinear diagram represents the concentrations as percentages. In the 
triangular field at the lower left, the percentage reacting values of the three cation 
groups (Ca, Mg, Na) are plotted as single point according to conventional trilinear 
coordinates. Likewise three anions groups (HCO3, ^^4 ' ^ ' ) ^'•^ plotted at the 
lower right (Fig. 22a. and 22.b). The central diamond shaped field is used to show 
the overall chemical character of the ground water by sngle point plotting, which 
is at intersection of rays projected from the plottings of cations and anions. 
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Hydrochemical facies diagram presented above are sueful 
for visually discribing differences in major ion chemistry in ground 
water flow system. In order to present water composition in a 
convenient manner by identifiable groups, Back (1961, 1966), 
Morgan and Winner (1962) have developed the concept of 
hydrochemical facies as distinct zones that have cation and anion 
concentrations describable within defined composition categories 
Allen and Cherry (1979). According to Back (1961) the term hydro-
chemical facies is used to describe the bodies of groundwater in an 
aquifer that differ in their chemical composition. The facies are a 
function of lithology, solution kinetics and flow pattern of the 
aquifer Back (1966). 
The percent values of cations and anions were plotted on 
trilinear diagram Fig. (22.a and 22.b) as suggested by Morgan and 
Winner (1962) and Back (1966) in order to designate 
hydrochemical facies of the study area. The plotting of analytical 
result shows that no dominant facies among the cations of the 
samples analysed were found to fall within 80-90% of the samples 
analysed representing any dominant facies. Only 5 samples fall in 
Na & K typefacies. Among the anion facies, majority of the 
samples do not fall in any dominant type facies. Few sample belong 
to chloride and sulphate type facies. 
The heavy metal contents like Fe, Cu, Zn, Ni, Co, Pb, Mn, Cr 
and Cd in Yamuna river water and associated soil sediment samples 
at different sampling stations have been discussed in water quality 
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chapter. The prime objectives of the present study is to find out 
various sources causes and extent of heavy metal pollutioin in 
water bodies and associated soil sediments in order to suggest 
measures to prevent or eliminate the pollution hazards and to 
make the better use of these water bodies for animal, human and 
agricultural purposes in the study region in the near future. The 
study also aims to investigate the impact of urban run-off, 
municipal, industrial and agricultural waste and affluents on the 
concentration of Fe, Cu, Zn, Ni, Co, Pb, Mn, Cd etc. metals in 
water and associated soil sediments of Yamuna river. 
The concentration of Fe in river water and associated soil 
sediment samples in both period ranges as p,w, (0,182 ppm 8.252 
ppm), pjWj (0.173 ppm - 7.162 ppm) and p,s, (0.201 - ppm 6.673 
ppm), pjSj (0.105 ppm - 5.274 ppm). 
The overall distribution of iron indicate that they are not 
within the permissible limits due to high industrial activity in the 
study area. Only 10 to 15 samples out of 46 samples fall under the 
permissible limits for drinking water supplies. High concentration 
of iorn (8.252 ppm in sample no. 41, 7.13 ppm in sample no. 10, 
5.272 ppm in sample no. 9, 7.941 ppm in sample no. 45, 6.142 ppm 
in sample no. 38, 6.724 ppm in sample no. 39) have been observed 
in water and soil samples in South of Nizamuddin bridge, Mahila 
colony and Ghandhi nagar, affluents from Badarpur power house, 
mix in Agra canal water have relatively high contents of iron. The 
anthropogenic sources of iron in water and associated soil 
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sediments of the area include industrial effluents connected with 
manufacturing of ferromanganese alloys, steel, paint and pigment 
industries. The corrosion of pipes, pumps and other such structures 
can also increase to some extent the concentration of iron in water 
and associated soil sediments. Fe is an important and essential 
element for human and exists in the body in the ionic and non-
ionic forms. 
The concentration of Cu in water and soil samples in the 
study area varies as p,w, (0.107 ppm - 4.967 ppm), p^ Wj (0.101 
ppm - 3.983 ppm) and pjS, (0.203 ppm - 3.225 ppm), p^Sj (0.103 
ppm - 3.142 ppm). Overall concentration of copper in the area is 
within the permissible limits of WHO (1984). High concentration 
(4.967 ppm in sample no. 45, 2.351 ppm in sample no. 44, 3.996 
ppm in sample no. 41, 3.495 ppm in sample no. 14, 3.515 ppm in 
sample no. 18) of copper have been observed in water and soil 
samples infront of Sunder nagar, Okhla barrage. South Nizamuddin 
bridge, Kishanganj and Bishambar Ashram specially adjoining the 
areas near the industries and canal, indicating the effects of 
effluents on water and soils. Industrial effluents from plating and 
electrical units, paints, pumping equipments, dyeing and pesticides 
are the major sources of coppr in water and soil in the study area. 
Copper is an essential metal in human metabolism copper is 
involved haemoglobin, synthesis, connective tissues development 
and normal functioning of central nervous system. 
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In the study area lead concentration in water ranged as p,Wj 
(0.020 ppm - 2.740 ppm), p^ w^ (0.024 ppm - 2.091 ppm). The 
maximum permissible limit for lead as prescribed by WHO is <0.1 
ppm but at most places in the study area, lead concentration in 
water is quite high values (2.740 ppm in sample no. 20, 2.207 ppm 
in sample no. 2, 2.376 ppm in sample no. 16, 2.150 ppm in sample 
no. 34) at places like Baquiabad, South Shakarpur, Nangli, 
Salempur, which may by due to a high concentration of storage 
batteries, printing and dyeing industries. 
Lead has been adverse effects on human health. As a result 
of ingestion of lead there may be loss of appetite, fatigue, 
irritation, headache and vomiting has reported that higher content 
of lead distrupt the blood enzyme in human's and can induce a 
reduction in haemoglobin. 
The concentration of zinc in water and soil sediments 
samples varies both in pre and post monsoon periods as p,w, (0.47 
ppm - 9.52 ppm), pjW^ (0.31 ppm - 8.71 ppm) and p,s, (0.246 ppm -
14.464 ppm), PjSj (0.119 ppm - 13.271 ppm). In the Yamuna 
river, 27 out of 46 samples have zinc concentration below desirable 
limit and in almost all the soil samples the zinc content is found to 
be below the desirable limits. Maximum concentration (9.52 ppm in 
sample no. 21) of zinc in river water was recorded at 
Chillasarodabangar and minimum (0.47 ppm in sample no. 42) 
concentration in ssamples was revealed at Majnu Ka Tila area. Zinc 
content in river water and soil of the area may be conributed mostly 
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by the local effluents particularly from electroplating, paint and 
pigment, paper and textile mills, metal alloys, soap and detergent 
manufacturing industries and wastes containing high levels of zinc. 
In the agricultural areas the main sources of zinc pollution are the 
impurities from fertilizers, fungicides and sewage sludge. Sewage 
sludge containing high level of Zinc is most extensively used by 
farmers which may be an important source of zinc in water and 
soils of the area. 
Zinc is very significant element for human health and 
agriculture. Deficiency of zinc may lead to retarded growth, sexual 
infantilism in teenaged individuals and impaired wound healing. 
The concentration of cadmium in river water of under the 
study area ranges as p^ Wj (0.082 ppm - 14.21 ppm) and p^ w^ (0.071 
ppm - 13.16 ppm). Candmium levels in river water at most of the 
places were found to be >0.01 mg/1. Abnormally highest 
concentraton (14.21 ppm in sample no. 41, 10.91 ppm in sample no. 
11 and 7.46 ppm in sample no. 8) of cadmium has been observed 
infront of south Nizamuddin bridge, Geeta colony, Kailashnagar, 
which may be due electroplating, copper and nickel alloys, paints, 
nickel, cadimum batteries etc. Apart from these sewage sludge, 
fertilizers and pesticides containing cadmium salts may also be the 
other sources of Cd pollution of river water in the area. The 
symptoms of Cd poisoning such as vomitting, abdominal cramps, 
headache and shortness of breath are common among the human 
beings in the study area. 
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The concentration of chromium in river water and soil 
sediments varied widely. The distribution pattern of chromium is 
p,w, (0.23 pm - 10.38 ppm), p^ w^ (0.19 ppm - 8.94 ppm) and pjS, 
(0.687 pm - 6.925 ppm), p^s^ (0.44 ppm - 6.192 ppm). Highest 
values of (10.38 ppm in sample no. 6, 9.67 ppm in sample no. 10, 
9.85 ppm in sample no. 14 and 8.56 ppm in sample no. 31 
respectively) of chromium have been observed at Yudhuster setu, 
Mahila colony, Kishanganj, Jhingola and lowest values (0.23 ppm in 
sample no. 45, 0.70 ppm in sample no. 16 at infront of Sundernagar 
and opposite South Shakarpur). This high concentrations of 
chromium in river water ans soil samples may be largely due to the 
extensive use of this metal in metallurgical industry for the 
manufacturing of various alloy steels and other small scale 
industries like pigments, tanneries, photographic materials, 
autoparts industries, etc. All these wide ranging applications of Cr 
may be responsible for the higher level of Cr in river water and soil 
sample in the study area. Toxicity of Cr is greatly dependent upon 
the hardness of water which works antagonistically with it. 
Chromium toxicity also varies with temperature, pH, oxidation state 
(i.e. Cr"^ ^ and Cr"^ )^ and species involved. Hexavalent chromium is 
much more toxic than trivalent chromium but it has no nutritional 
value and may be absorbed through the skin and by inhalation and 
corrosion (U.S.E.P.A., 1983). Occupational hazards of hexavalent 
chromium cause skin and respiratory disorders and ulceration of 
skin. 
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The concentration of cobalt in river water and soil samples 
ranges as p,w, (N.D, - 4.88 ppm), p^ w^ (N.D. - 3.95 ppm) and p,s, 
(0.146 pm - 4.509 ppm), p^s^ (0.107 ppm - 4.019 ppm). The places 
where cabalt contents in water and soils is higher (4.88 ppm in 
sample no. 36, 4.43 ppm in sample no. 20, 4.13 ppm in sample no. 
16, 4.30 ppm in sample no. 41, 3.36 ppm in sample no. 35) include 
South Shakarpur, Nagli, Fatehpur Jat, Palla, Nigambodh ghat, 
Nizamuddin bridge and lowest values (N.D. in sample no. 42) at 
Majnu Ka Tila. High concentration of cobalt in water and soil 
smaples in these areas is mostly due to high polluted effluents from 
various industries situated in these areas. The industries like 
electroplating, wastes from samll scale iron and steel industreis, 
dyeing and textitle industries are the possible sources of cobalt in 
river water and soil of the study area. High concentrations of cobalt 
in general is harmful for human health. 
The concentration of Managese in river water and soil 
samples range as p,Wj (0.02 ppm - 5.83 ppm), p^ w^ (0.01 ppm - 4.74 
ppm) and p,s, (N.D. - 4.773 ppm), p^s^ (N.D. - 4.091 ppm). 
Managnese concentration in river water and soil is quite high and is 
more than the permissible limit of WHO both in soil and water 
samples. The places where manganese contents in water and soil 
sample was found to be high (5.83 ppm in sample no.5, 5.17 ppm in 
sample no. 2, 20, 36, and 4.51 ppm in sample no. 34, 3.97 ppm in 
sample no. 43) include Usamanpur, Nangli, Palla, Salempur, 
Baquiabad, Majnu Ka Tila and old Secretriate Delhi and lowest 
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value (0.02 ppm in sample no. 21) at Chillasarodabangar. There are 
large number of industries in this area manufacturing iron and steel, 
ceramics, food preservatives and dry cell batteries etc. which 
discharge effluents in river, may contain manganese which could be 
a major source for high concentration of this metal both in river 
water and the soil samples. 
Respiratory illness and neurological disorders are common 
symptoms associated with higher Mn uptake in the study area. 
The concentration of nickel in river water and soil samples 
range as p,Wj (N.D. - 1.80 ppm), PjW^ (N.D. - 1.14 ppm) and p,s, 
(0.161 ppm -.2.012 ppm), p^s^ (0.105 ppm - 1.986 ppm). The 
maximum concentration (1.80 ppm in sample no. 4) and in soil 
sediment (2.012 ppm in sample no. 3) in river water of nickel was 
observed at Garhi mendu and in associated soil sediment at 
Wazirabad water works and lowest value (N.D. in sample no. 6, 11) 
at Yudhusthar setu and Geeta Colony Main source of Ni are 
electroplating, polishing, paint and pigment manufacturing 
industries, food processing plants, printing and textile industries 
which discharge various waste effluents on the surface water that 
carried out to rivers through sewage pipes or open drain. High 
concentration of Ni are harmful for human health. Contact with Ni 
salts in aqueous solutions causes dermatitis and repeated inhalation 
of Ni compounds may cause lung cancer. 
In the stuy area the mercury concentration in river water at 
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various locations ranges as p,w, (0.02 pm - 2.50 ppm), p^w^ (0.02 
ppm - 2.16 ppm). The maximum concentration (2.50 ppm in sample 
no. 40, 1.92 ppm in sample no. 16, 1.49 ppm in sample no. 35 and 
1.89 ppm in sample no. 45) has been observed infront of 
Bhagwannagar, Shakarpur, Fatehpur jat and Sundernagar areas and 
lowest values (0.02 ppm in sample no. 21) at Chillasarodabangar. In 
area under study the main source of mercury pollution in river 
water may be the effluents discharged from various industries like 
paints, printing, dyeing storage batteries, etc. and human activities. 
Organic mercurials and inorganic salts of mercury are well known 
toxicant. The main target of attack being brain and kidney. 
Generally, the concentration of trace metals is found to be 
higher in downstreams as compared to upstreams of a river. 
Average levels of Ni, Cu, Pb, Co, Fe etc. are found to be much 
higher in soil sediment samples than the water samples. High 
content of these metals is soil sediments is due to alkaline nature of 
water, high organic carbon and calcium carbonate solutions, under 
these conditions, hydroxide of these metals are quickly precipitated 
and sink down into bottom sediments. Thus these sediments could 
serve as good geoindicators for the assessement of pollution 
intensity and location of source areas. 
The concerntration of Cu, Fe, Zn, Mn, Pb, Co, Cr, Ni, Cd and 
Hg in water and soil samples are found to be much higher than the 
prescribed limits and some samples are well within the permissible 
limit as recommended by FWPCF and Ayers and Branson, ICMR, 
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ISI, WHO, USEPA, etc. for water and soils. As such, they are not 
expected to cause any toxic effect to various crops which are grown 
within the area. Hence, Ni, Cd, Hg, Cr contents may produce some 
toxic effects to various organisms and as such, some amendments 
are to be made either to soils or irrigation waters. 
The farmers are advised to minimise the toxicity of soils by 
applying proper management practices such as allowing prolonged 
rest period to the land, deep ploughing, flooding and cultivating the 
most tolerant and semi-tolerant crops like sugarcane, cotton and 
wheat etc. in the study area. 
No single systematic treatment/technique has been found to 
be effective for the removal of all potentially toxic metals from 
various soils and water samples of the study area. Therefore, 
periodic monitoring of surface water and associated soil sediments 
is of paramount importance to check any further increase of major 
and trace metal contents from the discharge of various industrial, 
sewage and argicultural liquid waste effluents and wastewaters 
together with animal and human excreta which is being disposed off 
through unlined channels to nearby streams and on land surface. 
The followng control measures are suggested for an urgent 
action in order to prevent or minimise the possible increasing 
potential pollution hazards in the study area. 
1. Location of industrial plants and the place of their waste 
disposal should be away from thickly populated area. 
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Industrial wastes should be disposed off in the cemented 
pools and complete treatment for the removal of toxic 
substance be done. 
2. Proper selection of crops, adoption of the best industrial and 
agricultural practices and managing the land application 
system shold be necessary in a way that alleviates the 
environmental hazards and maintains the soil potential for 
crop production and waste assimilation. 
3. Unscientific and excessive use of Ca-fertilizes should be 
avoided in the study area. 
4. Domestic and industrial sewer leakages and proper 
construction of soak pits and septic tanks should be checked 
properly. 
5. Collection, transportation, treatment and disposal of huma 
and animal excreta are of atmost importance for the protect! 
n of health from various toxicant. 
6. Various treatment plants should be setup to control the 
industrial and sewage waste water pollution. 
7. The waste effluents through pipelines may be channelized 
from centre of industrial and urban activities to areas 
inflicted by saline soil after proper experimentation which 
may help in proper disposal of these wastes and might 
augment the fertility of these soils. 
191 
i,^\\\.-. ^. •• ..^J;--!' 
'.^''•k'. %; '^ Sv '^^v. 
i:;"j-;>^ " • • • ^ > : . ' • • • • " 
' • " •^ • • • • * *^^ 
• ' • ' • " ' » > ( « « « • ' ? . • > •• _ 
. ' .v . * . . •:• * 
^S*'"' ..jfyi'^'''''-^''^ _',y. 
•""•."'.'<•;•; j j j J j ,^ j j , j - . ; , ; , . . v.'>r«:*''«"> *•' 
i^%iA:>:;%::iA::::ii:;:=:^^::§:^^^ 
""V 
••* j > _ _.., 
;;¥-x-" 
• : •>% <;' X?" ..-; jw.:- .^:^ . ..^ j.;; 
•^"•''' .-.•?•''" . v ^ ' S * • ' * 
. . .^S ..:::'::•••: 
tSi^ ^^ "' 
•^.•y 
I 
a 
9 
85 
8 
7 5 
7 
6 5 
-Pre-monsoon water D Pre-monsoon soil 
I I I 
2 3 4 5 6 7 8 9 10 11 12 
Sample No 
8 2 
8 
7.8 
^ 7 . 6 
7.4 
7.2 
7 
^ 
E f i : — • — 
- O - ^ 
• •"^  
= ^ ^ 
^ ^^ -
—•—Pre-monsoon water 
TX 
• 'Pre-monsoon soil 
13 14 15 16 17 18 19 20 21 22 23 24 
Sample No 
36 37 38 39 40 41 42 43 44 45 46 
Sample No 
pH variations in pre-monsoon water and soil samples 
F i 3 . 1 3 . a 
192 
X 
a. 
9 
85 
8 
75 
7 
65 
-Post-monsoon water —B—Post-monsoon soil 
5 6 7 8 
Sample No 
10 11 12 
36 37 38 39 40 41 42 43 
Sample No 
44 45 46 
pH variations in post-monsoon water and soil samples 
F i g . 1 3 . b 
193 
l 4 
0) 
P 
O 
o 
1 
Average cation concentration in pre-monsoon 
water and soil samples 
in Premonsoon Soil QPremonsoon water 
im 
Na Ca Mg 
30 
25 
20 
15 
10 
5 
0 
Average anion concentration in pre-monsoon 
water and soil samples 
QPremonsoon Soil 
D Premonsoon water 
jr-\ 
C03 HC03 CI 304 N03 
F i g . 1 4 . a 
194 
5 
4.5 -
4 -
3.5-a 
0) 
IJ 
c 
g 1.5 
5 1 
2 -
0.5 -
0 
Average cation concentration in post-monsoon water 
and soil samples 
_K2S] 
K 
a Post monsoon 
water 
• Post monsoon 
soil 
Average anion concentration in post-monsoon water 
and soil samples 
1000 
100 E 
a 
c 
o 
1 10-t 
c 
0) u 
c 
o 
o 
0.1 
HPost 
monsoon 
water 
• Post 
mnncnnr, g n i l 
003 HC03 CI 304 N03 
F i g . 1 4 . b 
195 
6 7 8 
Sample No 
12 
^3 
82 
c 
o' 
-
• 
-
—•—Ca —•—Mg —A—K —X—Na | 
/^~ZL 
k A A A - -A 
_ = 1 m , 3s , _ 1 — p 
—H 
—•" "" 
—A — m 1 
— H - — 
— A — 
1 
•~N 
— A — 
- ^ = 3 ^ ^ , - - * - ^ 
13 14 15 16 17 18 19 20 
Sample No 
21 22 23 24 
8-7 
•2 5 
2 4 
O 1 A 
— » ^ 
A A — 
<r 
— A — 
^ , 
A- 1 1 • — 1 — • • 
— i t 
—•—Ca —•—Mg —*—K —•*—Na 
W ^ 7 4 ^ * ^ 
1 A 1 * "1' • 1 • 1 ^" 
25 26 27 28 29 30 31 
Sample No 
32 33 34 35 
40 41 42 
Sample No 
43 44 45 46 
Concentration variation of cations in 
pre-monsoon water samples 
F i g . 15.a 
196 
6 7 8 
Sample No 
29 30 31 
Sample No 
33 34 35 
^20 
a 
c 
o 
^10 
O ^ 1 
C 
o 
O 0 
(—•—CI —•—C03 —*—HC03 —e—N03 —*—S04 —•—F | 
^^x^^^-Cr^^' '"ij^'v -
^•" , • § - — ! -
36 37 38 39 40 41 42 43 44 45 46 
Sample No 
Concentration variation of anions in 
pre-monsoon water samples 
P i g . 1 5 . b 
197 
_ 7 
| 6 
•24 
S3 
o ' 
O n 
-
—A—r-
•Ca 
-^ 
—D-Mg 
1 A 1 
—*—K 
* 1 
—X-
s A ^ 
-Na 
T=*=^ ;=A= ;=i l t= p = k = 
6 7 8 
Sample No 
10 11 12 
17 18 19 20 
Sample No 
26 27 29 30 31 
Sample No 
32 33 34 35 
36 37 38 39 40 41 42 
Sample No 
43 44 45 46 
Concentration variation of cations in post-monsoon water samples 
F i g . 16.a 
198 
13 14 15 16 17 18 19 20 21 22 23 24 
25 26 27 28 29 30 31 32 33 34 35 
HC03 
36 37 38 40 41 42 
Sample No 
43 46 
Concentration variation of anoins in post-monsoon water samples 
F i g . 1 6 . b 
199 
^10 
I 6 
(0 
o 
o 
-
—•—Ca —•—Mg —A—K —«—Na 
1—A- ( A t' ^ ' 1 M l 1 1 ^ 
6 7 
Sample No 
10 11 12 
18 19 
Sample No 
29 30 31 
Sample No 
_ 5 0 
I 40 
2 20^ 
c 
u C I O 
o 
0 
40 41 42 
Sample No 
43 44 45 46 
Concentration variation of cations in pre-monsoon soil samples 
F i g . 17.a 
200 
Concentration variation of anions in pre-monsoon soil samples 
F i g . 17.b 
201 
6 7 
Sample No 
18 19 
Sample No 
25 
E 
Q. 
^ 1 5 -
c 
o 
| 1 0 -
C 
o 5 -
c o 
0 J 
/* .^*^r^ ^ SU:=dfe=»=:^=^ 1—i(—, , ; — * — , 1 • * • 
—•—Ca —•—Mg —A—K -*«—Na 
-—^^$~]IIin •--^ri::::^^ 
26 27 28 29 30 31 
Sample No 
32 33 34 35 
40 41 42 
Sample No 
Concentration variation of cations in post-monsoon soil samples 
F i g . 18.a 
202 
_^^ 
E 
c 
o 
* r f 
fv 
c 
^ u 
c o 
o 
50-j 
40 -
30 -
?n -
10 -
u J 
;«-
14 15 16 17 18 19 
Sample No 
20 21 22 23 24 
80 
?70 
o 
•-540 
| 3 0 
S20 
§10 
O 0 
•S~— ,^4, m I r • ^— , / 
/V 
—K—N03 
NT 
—»—C03 —A—HC03 
i - f - ^ 
"•"•"^ 1 " • ' V ' 1 
25 26 27 28 29 30 31 32 33 34 35 
Sample No 
F 
a 
o 
c 
o 
re 
k . 
* i * 
c 
a> 
u c 
o 
60 
W) 
40 
30 
20 
10 
o 
—•—CI —•—COS —A—HC03 —»«—N03 —»—S04 —•—F 
"'•"•JK"-""" ^ ^ ^ s , ^ ^ ^ 
—• 1 1—F " 1 1—1 
36 37 38 39 40 41 42 43 44 45 
Sample No 
46 
Concentration variation of anions in post-monsoon soil samples 
F i g . 1 8 . b 
203 
6 
E 
i 4 
c 
«^ 
c 
o 
" 1 
Average cations in premonsoon water and soil 
samples 
-Premonsoon Soil 
-Premonsoon water 
Na K Ca Mg 
100 
i 10 
I 
c 
<a 
u 
c 
o O 
0.1 
8 
| 6 
t5 
o 
•^  4 
0) 3 
o 
§ 2 
Average anions in premonsoon water and soil 
samples 
Premonsoon Soil 
Premonsoon water 
C03 HC03 . CI S04 N03 
Average trace metals in premonsoon water and soil 
samples 
1 
0 
Premonsoon water 
Premonsoon soil 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
F i g . 19.a 
204 
Average cations in post-monsoon water and soil samples 
_ 4 
E 
a 
0) 
o 
= 2 
u 
c 
o 
"1 
• Post monsoon water • •Post monsoon soil 
Na K Ca Mg 
Average anions in post-monsoon w/ater and soil samples 
1000 
?• 
Q. 
<U 
C 
o 
'*-' 
c 
at 
o 
c 0 
o 
100 
10 
1 
01 
-Post monsoon water • •Post monsoon soil 
C03 HC03 CI S04 N03 
Average trace metals in post-monsoon water and soil 
samples 
l 5 
a 
u 
= 2 
o 
-Post monsoon water -Post monsoon soil 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig. 19.b ( S e k o f C e S. 
205 
13 14 15 16 17 18 19 20 21 22 23 24 
Sample No 
35 
30 
25 
Q:20 
w 1 5 
10 
5 
0 
Pre monsoon water O Pre-monsoon soil 
25 26 27 28 29 30 31 32 33 34 35 
Sample No 
36 37 38 39 40 41 42 43 44 45 46 
Sample No 
SAR variations in pre-monsoon water and soil samples 
F i g . 2 0 . a 
206 
1 2 3 4 5 6 7 8 
Sample No 
9 10 11 12 
25 
20 
.15 
•Post-monsoon water —A—Post-monsoon soil 
- • • -
: : ^ = = ^ 
13 14 15 16 17 18 19 20 21 22 23 24 
Sample No 
Post-monsoon water —A—Post-monsoon soil 
SAR variations in post-monsoon water and soil samples 
F i g . 20.b 
207 
Specif ic conductance. in MS/cm.at 25°c 
100 2 3 4 5 6 7 8 1000 2 3 4 5000 
1 — m — I — r I I I I I I n I I I 
30 
N 
"(5 
E 
•5 
o 
I/) 
\-^ 
-»D»vj 
^ 
X 
^ 
E 
.2 
•5 
J 
o 
- J 
vn 
\ 
CNJ 
in 
{/) 
30 
28 
26 
24 
22 
^ 2 0 
< 
i^l8 
c 
o .^ 
= 16 
a 
8l4 
•0 
E12 
°10 
CO ' ^ 
8 
6 
4 
2 
0 
1 
— 
— \ . 
— 
1 
] 1 1 1 1 
o 
0 
^^^.,,..^^» 
• 
f 1 A 1 1 
Ml 1 
• 
o 
o 
o 
f 
X . 0 X o 0 
o \ |8\ 
0 • 
0 
V ^ 0 
0 ^ ^ 
0 0 
• 
,„ • 
• 
• 
• 
k¥\ 1 
1 1 
- • 
— 
— 
— 
— 
-— 
— 
^ . . . ^ ^ — • 
1 1 
\ o \ l 0 0 250 750 2250 
v^-Nl 
v^ CI 
LOW 
C2 
Medium 
C3 
High 
CZ, 
Very high 
- 2 0 
- 1 0 
0 
Salinity hazard 
O PRE MONSOON WATER 
• PRE MONSOON SOIL 
FIG. 21-3 PLots of SAR values against E. C values (U.S.Salinity 
Laboratory d i a g r a m ) ' 
208 
Spec i f ic conductance-in<//S/cm at 2 5°c 
100 2 3 ^ 5 6 7 8 1 0 0 0 2 3 4 5000 
FIG. 
Sal ini ty haza rd 
O POST MONSOON WATER 
• POST MONSOON SOIL 
21.b PostLof BAR values against E.C. values (U.S. 
Sal in i ty Laboratory diagram) 
209 
-1 1 1 1 1 1 r 
90 80 70 60 50 W) 30 20 
— Ca 
1 1 1 T 1 ^ 1 r 
10 0 0 10 20 30 M3 50 50 70 80 90 
Cl *-
PRE MONSOON WATER 
CAT'fONS FAC'lES ANIONS FACJES 
A. Magnes ium t ype E- Sulphate t y p e 
B. Calc ium type F. B i c a r b o n a t e type 
C. Sodium t y p e G- Chloride type 
D- No Oominent type H. NoDominent type 
FIG. 22.a P ipe r ' s Tr i l inear Diagram showing Chemical character of 
Sur face water of the study area • 
210 
00 80 70 60 50 kO 30 20 10 0 0 10 20 30 kO 50 60 70 80 90 
-Ca Cl 
POST MONSOON WATER 
CATIONS FACIES 
A.Magnesium type 
B.Calcium type 
C Sodium type 
D.NoOomrnent type 
ANIONS FACIES 
E. Sulphate type 
G- Bicarbonate type 
G- Chloride type 
H. No Domi'nent type 
FIG.22-b Piper's TrHinear diagram show/ng chemica l character 
of s u r f a c e w a t e r of the s tudy area -
211 
PRE MONSOON(WATER) 
SAMPLE 1 
HC03- Na+ 
C03-
S04-
N03-
SAMPLE 2 
HC03- Na+ 
C03~ 
S 0 4 -
N03- Cl-
S04-
HC03 
SAMPLE 4 
K 
C03 
S04 
N03 
SAMPLE 5 
HC03- Na+ 
C03-
S04-
SAMPLE 7 
HC03- Na+ 
Mg++ 
Ca++ 
SAMPLE 8 
Na+ 
S04 
Mg++ 
Ca++ 
N03-
All Values in epm 
Fig:23.1 Circular Diagrams(After Hem) 
212 
PRE MONSOON(WATER) 
SAMPLE 9 SAMPLE 10 
HC03- Na+ 
C03-
S04-
Ca++ 
N03-
Ca++ 
N03-
SAMPLE13 
HC03- Na+ 
C03 -
S04-
Mg++ 
Ca++ 
N03-
HC03-
C 0 3 -
Na+ 
C l \ / \ /^* 
Ca++ 
SAMPLE 12 
Na-c 
HC03- _ K+ 
COZ-J^"^ ^ \ M g + + 
/ / ^ \ca++ 
Noa-
SAMPLE 14 
HC03- Na'<-
C03 -
S04-
Mg*+ 
Ca++ 
N03-
SAMPLE 16 
Ca++ 
N03-
S04-
N03-
All Values in epm 
Fig:23.2 Circular Diagrams(After Hem) 
213 
PRE MONSOON(WATER) 
SAMPLE 17 
HC03 K 
C03 
SAMPLE 19 
HC03 
C03 
N03 
S04 
SAMPLE 21 
HC03 
C03 
S04 
HC03 
N03 
SAMPLE 23 
C03 
S04 
N03 
HC03 
SAMPLE 18 
K 
C03 
N03 
S04 
SAMPLE 20 
HC03 K ^g 
C03 
S04 
HC03 
N03 
SAMPLE 22 
K 
Mg 
COS 
S04 
N03 
SAMPLE 24 
K 
HC03 ^^ / ^ ^ ^ Mg 
C03 
S04 
N03 
All Values in epm 
Fig:24 Circular Diagrams(After Hem) 
214 
PRE MONSOON(WATER) 
HC03-
C03~A. 
S04-I 
N03-\ 
SAMPLE 25 
-.,.,,^^Na+ 
^ ^ K + 
•=dr I Mg++ 
Ca++ 
SAMPLE 27 
HC03- ^ - T — ^ Na+ 
C03~ 
S 0 4 -
S 0 4 -
Mg++ 
Ca++ 
SAMPLE 26 
HC03- Na* 
C03-
S 0 4 -
N03. 
SAMPLE 28 
S 0 4 -
SAMPLE 30 
HC03- Na+ 
C03-
N03-
HC03-
SAMPLE 31 
Na+ 
C 0 3 -
S 0 4 -
Ca++ 
SAMPLE 32 
HC03- Na+ 
C 0 3 -
S 0 4 -
Ca+* 
N03-
A>H Values in epm 
Fig: 25 Circular Diagrams(After Hem) 
215 
PRE MONSOON(WATER) 
SAMPLE 33 
Na+ 
Ca++ 
HC03-
C 0 3 - . 
SAMPLE 34 
/ ^ ^V^" * * 
Z ^ » Cl-
* ^ * W 5 d N03-
S04-
SAMPLE 35 
HC03- Na+ 
C03~ 
S 0 4 -
SAMPLE 37 
S 0 4 -
N03-
SAMPLE 36 
HC03-^ 1 
co:v-l ^ 1 
^Na+ 
X^ K+ 
^ X " ^ \ Mg++ 
V ^ / / X / C^** 
S04-\,/l^^^ 
N03- Cl-
SAMPLE 38 
HC03-^ 
C03-[ ^ N w 
—s^Na+ 
^-sSSS^**^* 
S04- ^ ^^ W /Mg** 
N03- V 
Ca++ 
HC03-
SAMPLE 39 
Na+ 
SAMPLE 40 
Na-^  
HC03- _ K+ 
C03-
S 0 4 -
Mg++ 
Ca++ 
N03-
All Values in epm 
Fig:26 Circular Diagrams(After Hem) 
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PRE MONSOON(WATER) 
SAMPLE41 SAMPLE 42 
Na+ 
Ca++ 
Na-t-
N03-
HC03-
SAMPLE 43 
Na+ HC03-
SAMPLE 44 
C 0 3 - Mg++ 
Ca++ 
HC03-
C03~J^ 
S04~l 
N 0 3 - \ 
SAMPLE 45 
^^Na+ 
^ ^ J A K + 
y S ^ /Mg++ 
Ca++ 
SAMPLE 46 
Na+ 
S 0 4 -
All Values in epm 
Fig:27 Circular Diagrams(After Hem) 
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POST MONSOON{WATER) 
HC03-
SAMPLE 1 
Na+ 
C03~ 
S04-
N03-
HC03-
C03-
S04-
N03-
S04-
SAMPLE 4 
HC03- Na+ 
C 0 3 -
S04-
Mg++ 
Ca++ 
SAMPLE 5 
C 0 3 - . 
S04~ 
HC03-
C03~ 
SAMPLE 6 
Na+ 
HC03-
C03 - Mg++ 
Ca++ 
SAMPLE 8 
HC03- Na+ 
C03 -
S04-
Ca-t-+ 
N03-
All Values in epm 
Fig:28 Circular Diagrams(After Hem) 
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POST MONSOON(WATER) 
HC03- SAMPLE 9 
Na+. 
S04-
Ca++ 
N03-
SAMPLE 10 
N03-
Ca++ 
HC03-
SAMPLE11 
Na+ 
C03-
S 0 4 -
Mg++ 
Ca++ 
SAMPLE 12 
HC03- Na+ ^^ 
C 0 3 -
S04~ 
N03-
SAMPLE 13 
HC03- Na+ 
C03~ 
S04-
Mg++ 
Ca++ 
N03-
SAMPLE 14 
HC03- Na+ 
C 0 3 -
S 0 4 -
Mg++ 
Ca++ 
N03-
SAMPLE 15 
HC03- Na+ 
C03 -
S04 -
Mg++ 
Ca++ 
N03-
S AMPLE 16 
HCOJ-
C03-
S04-
Ms*« 
All Values in epm 
Fig:29 Circular Diagrams(After Hem) 
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POST MONSOON(WATER) 
S04-
C03~ 
SAMPLE 18 
HC03- Na+ 
"^ K+ 
N03-
S04-
SAMPLE 20 
S04-
S04-
Hcoa-
C03-
S04 -
N03-
Mg++ 
Ca++ 
SAMPLE 23 
S04-
SAMPLE 24 
HC03- T Na+ 
C03-
Mg++ 
All Values in epm 
Fig:30 Circular Diagrams(After Hem) 
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POST MONSOON(WATER) 
SAMPLE 27 
HC03- -—• Na+ 
C03-
S04-
SAMPLE 26 
HC03- . ^ Na+ 
C03 -
S04 -
N03-
SAMPLE 28 
HC03- Na+ 
C 0 3 -
S04 -
S04-
Ca++ 
SAMPLE 30 
HC03- Na+ 
C03-
S04-
N03-
C03-
Ca++ 
S04 -
SAMPLE 32 
HC03- Na+ 
C03~ 
S04-
Mg++ 
Ca++ 
N03-
All Values in epm 
Fig:31 Circular Diagrams(After Hem) 
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POST MONSOON(WATER) 
HC03-
C03~ 
S04-
Ca++ 
SAMPLE 34 
HC03- Na+ 
C03-
S04-
SAMPLE 35 
HC03- Na+ 
C03 -
S04-
HC03-
C03-
SAMPLE 36 
Na+ 
COS-
SAMPLE 37 
HC03-
Na+ 
S04-
N03-
SAMPLE 38 
HC03- ^^ fga+ 
Mg++ 
SAMPLE 39 
HC03- ^ 1 — ^ Na+ 
COS-
SAMPLE 40 
Na+ 
HC03- _ _ K+ 
Mg++ 
C 0 3 -
S04-
Ca++ 
N03-
All Values in epm 
Fig:32 Circular Diagrams(After Hem) 
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POST MONSOON(WATER) 
SAMPLE 41 
Na+ 
HC03-
C03~ 
S04~ 
Ca++ 
HC03-
Mg++ 
Ca++ 
N03-
HC03-
coa-A;;;^ ^ 
S04~\ . 
N03-N^ 
HC03-
COZ-JC. 
S04~l 
N03-X 
SAMPLE 43 
1 ^^^Na+ 
PCT 1 '*^9** 
v^ ,3-^Ca-n-
Cl-
SAMPLE 45 
^^ ^^ Na+ 
^ ^ K + 
^ \ V /Mg++ 
SAMPLE 44 
Na+ 
HC03-
C03 -
S04-
Mg++ 
N03-
Ca++ 
SAMPjIt^ 46 
HC03- K+ 
C 0 3 -
S04-
All Values in epm 
Fig:33 Circular Diagrams(After Hem) 
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PRE MONSOON(WATER) 
SAMPLE 1 
a. 
I l l 
8 T 
6 
4 -fc.871 
2 
-~ 6:883 ! 
2.56 2.643 
1.75%, 
^""^Wn Fl 0.537 
, CI , 
2.1661.917 
i + + -!. 
8 z O O o 
« o g 
o 
8 
6 
lU 
5394 
2 -
SAMPLE 3 
Z^l„ 
SAMPLE 4 
. „7.ia6L 
2 882.639 
c 
0102 iJI 0 474 
25992 556 
1 1 
5 
4 
S 3 
OL _ 
uj 2 
1 
' U 5 g 4 r^  2 o o ^ w o o X 
3.941 
-3.132 3.284 
- i, 
i 
2,6 2.479 
0.153 
f. 
L_pJ 
T 
•1, 
% 
c 
^ 
i } 
$ 
0.643 
n 
1 1 1 
1 
3.40E| 
0.866 
\^ 
M 
V 
% 
+ i i i t 
^- rn t\ O w 
SAMPLE 5 
10 
«,~™ ——J O.OCO">-"~-
5.046 4.25 4646 
Pl^rR'n'n," 2.599 J l 
4048 
i + + 
o z 
4 <^  ^ o o g 
w o 9 
SAMPLE 6 
SAMPLE 7 SAMPLE 8 
6 
5 
it 
""2 
1 
3.567 
t 
4:887-
3.85 m 
5113r 
0.178 
2.399 I 2.227 
I 0.552 I 0.866 ^ I 
+ 
+ 4 
o 
o ^ k ^ I I ^ t i i t 
f o z 8 8 <J 
Fig:34 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 9 
H S> <? o o 6 H i 8 <n o 
SAMPLE 10 
i ^ i ,^  * i i ^ s 
ta o 
SAMPLE 11 SAMPLE 12 
6 
5 -
E 4-^.958 
•*- -a 
2 
1 
0 
4.566 
2.96 2.879 
0.281 
z i f 5 
o 
0.489 
'^ ^ I i - t i i t 
so 2 S S O w o 
SAMPLE 13 SAMPLE 14 
5 
4 
S 3 
Q. ^ 
lu 2 
1 
-
2.7£ 
--
W 2 
2.06 
0.306 
1 •=> I 
7£ 
^ 
44Rf i 4<ffiR 
39 
y 
0.443 
XT 
'j 
•V 1.7331.704 
^ 
r^ i 
10 
6 -
6 -
a 4.3.045 2.4 2.719 
9 .«4 
i + + a s i „ -
z 8 s o 
^ s 
4.246 
0.281 
2.566 
«: r> •5' y V f^  (0 O 
SAMPLE 15 
8 
6 
i 4-{2.958 
_L1S6 
4 4 0 6 
2.64 2.639 
0.281 0.539 
I' hh' i i t i 
SAMPLE 16 
10 
6 
6 
4 
2 
5.742 
6.91 
4.806 
2.722.719 
0.204 0.518 
2.59 -^191 
'^' hi" iitt 
Fig:35 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 17 
^' U " i i H 
SAMPLE 18 
20 
15 
i 10 
m 
5 
0 
5-^1 , o 5.047 
a 3'2 2.569 m 
z 8 i g 
SAMPLE 19 
25 
20 
2 15 
& 10 
-20719" 
l^:fS^ 6.17S 1.733 
+ + + ,i " M ^ ^ 5 
SAMPLE 20 
8 
6 
l 4 
lU 
7.367 
5.22 
2.48 3.199 
5.528 
5f1 
0.409 0.43 
f 3 z § 8 o 
SAMPLE 21 
10 
8 
S 6 
a. lu 4 
8,738 
3.219 
n°f°n n 
4.967 
3.279 m 
0.546 
4.474 
2.166 
5 o z § 8 o 
SAMPLE 22 
SAMPLE 23 SAMPLE 24 
6.438 4474. 
+ 
IS 
z i 
+ 
+ + 
5 * M ^ i CO U 
Fig:36 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 25 
5 
4 
S 3 
lu 2 
1 
j(l.437-
0.511 
3.839' 
T 
1.84 Ji 
I 
:4.16e" 
2.741 
3.62^ 
0.536 0.833 
^^  ^^ <?^ o^  ^^\^o^J' 
SAMPLE 26 
^^  '^'J'c/ ^^o'^.c^.p'^ 
•»" «b^  o«^^o 
r**" 
SAMPLE 27 SAMPLE 28 
6 
5 
it 
1 
0 
4.35 
-5:14-
4.065 
3.039 m 
2.08 
0.255 f. 
0.622 
, 0 , 
4.687 
0.866 
40 
35 
^o^ 
t 20 
O I 5 i 
10 
5 
0 
-93«2-
•^0.4093-29 2.2394f6Q5^ 
l i 0 1 , 0 , 1 1 , , 
6.818 
0.866 
'^^  • * • > ' / * / ' . < ^ d ^ . c P " ^* •*•"/• c^ "^^'cP-^^cff 
SAMPLE 29 SAMPLE 30 
6 
5 
4 
Iz 
• " 2 1 • 
-
-
5^4 
3.69 ^005 
2.697 
5-
0.306 
, en , 
!^  
.S 
2.399 
l/t; 
Is 
% 
f 
i¥ 
0.616 
m 
1 
•i 
i 
3.409 
0.866 
^M^ 
R 
¥• 
3 
2.5 
I 1.5 
•" 1 
0.5 
0 
2,305 
•^:599-
2.06^9,9,032 
0.061 
1.5<C 
0.556 
i 
'^^  -^'^^o^ ^%°%<^'CPV" 
^^ ^ ^^^ ^%<?v '^^\^O^J' 
-^ 
SAMPLE 31 
8-1 
7-
6-
a. 4 
lU 3 . 
2 -
1 • 
0 -
2.392 
i 0.051 
1.921.8391.882 
in i 1 °s' 
i 
1 
•^S• 
'^  
5. ^ 
2.166,70, 
P l l 
^^  ^"^4r../ ^"^O'^'C^\Q'^.CP'^ 
.jtft o' ^" %" o">o" 
SAMPLE 32 
^# -^ ^ ^ <y ^ r^ ,^ C^ 
^" ''P 0°\^0 
Fig:37 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 33 SAMPLE 34 
10 
8 
2 6 
0. 
Ill 4 
.8.91 
.3.045 2 . 3 2 , ^ 6 0 3 
n°'«'n n n°f^  
25 
2o^ 
S 15 
Q. 
UJ 10 
23.474 
5-
n n g B -
IS 
2 
+ i ^ 6 i i 6 
eo o 
i ' k k " i i i $. Z 
SAMPLE 35 SAMPLE 36 
3 
2.5 
i 1.5 
•" 1 
05 
0 
2.769 
2.436 
-
. 
-
-
-
-
1.99^.063 2.166 
^ " 1 
1.2 
0.051 • 
= 
•»4 
i 
-
5 
1.37 
0.506 
..EL-
si 
r 
1 
f 
1/1 
1? 
ot 
1 
+ 
m 
Z 
+ + + -J. 
+ + o 
f 3 z g o 
o 
I 
SAMPLE 37 SAMPLE 38 
5 
4 
S 3 
a UJ 2 
1 
14.176 -^4546-
2.799 
2 n 
0.204 
3.255 
0.554 
n 
2.166 
0.639! 
J3 
^f 
4 -
S 3 -
0. 
UJ 2 -
1 • 
0 -
1524 
- I 3.845 
z. 
^. 
.2 
3.04 n 
0.409 
, a , 
o-
• 3 -
1.999 
L__l 
h 
-^L__J 
1 
3 1 
T 
3.409 
2 
0.56S0-685 
, n ,0 , 
SE 
1 
i 
» 
—T-' 
1 
* 
1 
5 
to 
Z 
i 
f 5 
t o o 
z 
4 .J, g o o 8 
w I £ 
+ 
+ 
2 
+ 6 g 4 o 
(0 
o <? 
o 
SAMPLE 39 
5- | 
4 -
S 3 -
0. lu 2 -
1 -
0 -
435 
n 
" 
i 
- --- - — - - -- - 4.261 
3.685 r-i 
3.119 
1.84 
0.306 
, F3 , 
r 
-
^ 
-
i 
= 
n 
1 
* f 
± 
2.066 
0.548 
-M-^ 
n •? 
J 
y 
0.866 
0 
: 
= 
• " 
3 
=L 
SAMPLE 40 
. 7.13-8 
7 
6 
^ 4 - L ^ 2.963.199 
lU 3 .2.305 — r a t e 
2 _ 
0025 
6.168 
0.555 
, F3 , 
4.048 
2.599 
,1 M i ^ ,^ ^ ' U M i H 
Fig:38 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 41 
7 
6 
5 
lu o 
2 ^ 
1 
-5.928" 
132 2.8 
0.127 \ 
3.799 
H 
4.112 4.261 
0.589 
2.166 
i + + + + 0> (0 
S O 
o 
z 
4 
o 
CO 
^ o 
I 
SAMPLE 42 
14 
12 
10-
S 8 -5.916 
m 6 
4 
12.784 
0.818 HI 
r-JOL 
5.21 5.127 
2.399 m 
6.339 
m 
JL 0.501 0.866 , CI , 
2 2 " z g 8 " 
SAMPLE 43 
6 
5 
it 
•"2-1 
1 
0 
4.698 -4.99-^ 
.s;326 
3.363.199 
0613 
n 
2.2S5 
0 634 I 0.433 
J3_ X I . 
£ 3 
a. _ 
uj 2 -
1 -
.2.523 
SAMPLE 44 
457 4.687 
0.23 
3.039 
3.606 3.598 
0.531 0.866 
S " z g g o 
+ 
(0 
Z 5 " z g 8 O 
SAMPLE 45 SAMPLE 46 
1 3 
' " a 
1 
6-^.046-
5 
4 
4.887 
3.23 
n 2.479 
0.236 
_ 3.835^  
3,255 IT 
0.592 0.866 
I ^ ^ o o 
X 
16 
14 
12 
6 
4 
2 
0 
Q. 
-1.4.39B 
2.914 
US! 27 
1.841.6791.7( % . 
n n m 
471 
I-
2.5092.13 
J-l.n 
i ^ i A M i M 
« o 
Fig:39 Bar Diagrams 
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POST MONSOON(WATER) 
SAMPLE 1 SAMPLE 2 
6.62S 5 
4 
2 3 2392 
a. _ 
uj 2 
1 
0 
2.756 
0.051 
1 • " • I 
2.067 
3.851 
3.07 s 
1.531 „ i 1-833 
0.009 I 
^ ' U " i i i i ^ ^  U ^ i H § 
8 
6-5002 
l 4 
UJ 
2 
0 
SAMPLE 3 
6.615 7.023-
SAMPLE 4 
3003 
r-, 2235 
0.076 £ 0.422 -: 
2.2992.409 
so 2 g g O 
4 
3^ 
1 2 
lU 
1 -
0 
2.784 3:aT 
2.3052.18 i 
3,99 
0127 t 
0.S95 
-3.-261 
1 
1=3. 
0.866 
^ ^  U " i i H 
SAMPLE 5 
14 
12 
10 
lu 6 
4 
2 
0 
13175 
1654 4.407 4.364 
D p i 1.903 n 2.299 
3851 
e l 
2 
+ + J. 
+ + O 
f 5 
g 4 <J. g 
X 
o o 
w o 
SAMPLE 6 
6 T 
5 
it 
•"2-1 
1 
5.611 
4.773 
2.746 282 
0.218 1 
4.081 
5 " 2 g 8 O 
SAMPLE 7 
6 
5 
4-0219 , ^ 
i3i 
" ^ 2 -
1 
4.773 
3.921 m 
-43661 
0178 
205 1,984 
0.487 0 0.866 
s o z 8 8 o 
SAMPLE 8 
10 
8 
S 6 
Q. 
lu 4 
4.887 
3.088 2.9672 73 
I 0.581 
2.851 
1 266 ra 
I iiiiii I 111 
^ ^  U M n § 
Fig:40 Bar Diagrams 
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POST MONSOON(WATER) 
SAMPLE 9 
14 
12 
10 
f ® 
ui 6 
4 
2 
12.226--
I 
.2.479 
3.663.938 
a 0.232 1.391 4 0.632 
1.833 
JaL 
0.77 
SAMPLE 10 
f 5 M U ^  
w o 
SAMPLE 11 SAMPLE 12 
7 
6 
5 
2 4 
lU O 
2 
1 
0 
-6,100-
4.425 
2.566 2.967 
0.^5 
2.58 
3 0.428 
2.299' ,2.851 
i + + + + 
o 
o 
^ M f> y 
14 
12 
10 
S 8 
UJ O 
4 
2 
0 
42.349 1.942 
0.281 
3.2JC 
EL M. 
4.044 
M 0.368 
+ 
(0 i 
* 
+ 
r i ^ y SJ f i (O O 
SAMPLE 13 
5 
4 
S 3 
a. „ 
lu 2 
-2.392 
1 -
2.064 
0.281 
3.978 
2.55 t-
C 
4.215 
X L 
W 1.4331-589 
0.375 W Li. 
I 4 i t * M i s 
5 o z S 8 o « o 
SAMPLE 14 
10 
8 
6-1 S 
Ui 4 
9.198 
P.6e7 2.4552.4^ 
SI 0.255 
3.823 
0.391 1.266 
2.42E 
1 ^ i I o ^ i ^ t 
w o 
8 
6-1 
SAMPLE 15 
4.124 
SAMPLE 16 
7,02-
0. 4 ^ 5 6 6 2.7072.34 f l 
n °? n ? 0.474 
2.2S9'r 
1 
10 
8-1 
6 
a , 
UJ 4 
2 
0 
-SrSa-
5.263 
m 
4.553 
2.8232.4^ i 
0.178 | 1 P 0.454 
3.06< 2.299" 
Ji i t * o ?^  4 i ?^  
f 5 i g 8 o == f 5 i o g 8 
Fig:41 Bar Diagrams 
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POST MONSOON(WATER) 
SAMPLE 17 
a. 
UJ 
12 T-
10 
® " 5 22 
6 - - - 4.309 ; 
4 -
2 
n--
3-2182 39 
0.281 fT] n 0.474 , 
' I r-i 
" 2.7332.409 
n n 
t, i t t o |i 4 <i <^  §5 i S R 8 
w o 
SAMPLE 18 
i' hl'Uii 
SAMPLE 19 
i + + 5 ^ M ^ ^ w o 
SAMPLE 20 
^ f 5 2 s 8 § 
SAMPLE 21 SAMPLE 22 
8 
7 
6 
UJ 3 
2 
1 
0 
7.441 
6.151 6.15 
J5.263 5.042 p 
0.153 
•^ 
I 1.813 
0.457 1.266 
S O 2 § § O 
+ 
Z i f 5 M i ^ § 
2 w o y 
o 
X 
SAMPLE 23 SAMPLE 24 
5 
4 
S 3 
a. 
ui 2 
1 
3.968 3.962 3.881 3.943 
-4r34a 
0.383 
1.51 
0.474 
, m, 
0.866 
lil 
+ 
z 
i i" 5 ,5 M i M 
Fig:42 Bar Diagrams 
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POST MONSOON(WATER) 
SAMPLE 25 
5 
4 
S 3 
o. „ Ui 2 
1 
14.CX)2' 
3.49 3.881 
1.993 
0.46 
, • , 
3.425 
2.567 
0.489 
, • , 
0.833 
i i f i ^ y w f< 
SAMPLE 26 
Ir 5.772" 
5-4.036 
f " lu 3 ' 
2 
1 
r 
3.306 
4.176 
0.306 
z ^ i I - ^ i i ^ 
s o 2 w 8 S^  
SAMPLE 27 SAMPLE 28 
6 
5 
1^ 
1 
3.958 
""4,881" 
2.054 
3.772 
2.79 n 
4.54 
0.23 i 0.563 0.866 JUL 
35 
30 
25 
5 20 
6 15 
10 
5 
_3t£QS-
.3.394 
fl 0.3832-941l.9e93f78jj652 
6.703 
0.866 
i + + * + ID O " d i o o 
X 
i I » * g i M 
o z S S o w o 
SAMPLE 29 SAMPLE 30 
is 
" ^ 2 
1 
•Tf.94r 
.2.349 
3.741 3.^1 
2.15 
0.281 0.551 
3.294 
5 0.866 
J3_ 
2.5 
2 - 1.827 
i I h " z i i § 
lU 1 -\ 
0.5 
0 
•2.135 -2JSL 
0.051 ; 
1.67 
m 1.963 
1.544 1.447 
0.487 I 
i i I 
CO o f c5 2 8 8 " 
SAMPLE 31 SAMPLE 32 
8 
7 
6 
a. 4 
UJ 3 
2 
1 
0 
6.644 
1.914 1.8941.591.544 
n °°^ - n n n °s 1.503 
1-8331.557 
JUl 
6 
5 
it 
" " 2 
1 
4.709 
1.827 
2.336 _ 2.455 
r-1 175 
\^ 0.025 ? H 0.507 
1.833 1.557 
* i t t O 5^  4 (^  <4 
5 0 Z {^  Q O I i f 
+ 
+ 
a O •y V V /•* o o 
Fig:43 Bar Diagrams 
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POST MONSOON(WATER) 
SAMPLE 33 
10 
8 
s s\ 
.8^545 
i 
lU 4 • 2.697 2.256 2.293 « 
2 -
0 -
00.051 Fl p, R0.356: 
? 
! 283E 
• 1 2 6 6 r ] 
z i f i ^ ^ i i ^ CO O 
SAMPLE 34 
23.2« 
s o z S 8 " 
SAMPLE 35 SAMPLE 36 
2 .5 •{2.CX34 
2 
1 15 
^ H 
0.5 
0 
-2T68S 
1.751.829 
4 1251 n 
1.833 
•g 0.051 ^ I i 
1.16 
0.439 E 
Jl-
I ^ i i - ^ i ^ 6 
s o 2 8 o y 
SAMPLE 37 SAMPLE 38 
5 
4^ 
S 3 
o. „ 
ui 2 
3.871 3.978 
2.114 2.45 
0.178 
2.97 
f i 0.492 \r 
1.833 
I:; 63S 
5 
4 
S 3 
&] 2 
1 ^ 
imr 
m 
3.06 ^f°^ 3.2&4 
0.357 r; 
, 1 798 
s 
+ 
z 
+ + + i ^ ^ i ^ S 
W O 
+ (0 
z 
i f 5 
o g 
0.5010.685 
SAMPLE 39 SAMPLE 40 
5 
S 3 ft. „ 
lu 2 
1 
3.968 
1.906 
3.422 
2.815 ^ 
St 
-4X363 
0.281 
1.906 
0487 
m 
0.866 
P 
i + + D> 
s 
+ 
+ 
8 * i i Z CO o o X f 5 i g § 8 
Fig:44 Bar Diagrams 
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POST MONSOON(WATER) 
SAMPLE 41 SAMPLE 42 
5.676 12.432 
f 3 z O g 8 
SAMPLE 43 SAMPLE 44 
6 
5 
lt\ 
• ^ 2 
1 
176 
T 
1 
4.624 • 5.-446 
3269 
0.536 
2 9 
0586 
3255 
0433 
i ^ i I ^ ^ i i ^ 
so 2 g 8 O 
4.673 
Z 3 
Q. „ 
lu 2 
1 
j l S d , 
12001 
0204 
2 74 
3.311 3.319 
0.458 0.866 
i ' hi' i i i l 
4654 
SAMPLE 45 
4.547 
s 3 
0. „ 
lu 2 ' 
1 -I 
3222 
0 281 
2.226 
3112 3.458, 
0516 
k 
0.866 
SL 
* 
z 
i f 5 MM 
SAMPLE 46 
k ^ i I ^ ^ i i t 
s o 2 8 8 y 
Fig:45 Bar Diagrams 
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PRE IVIONSOON(SOIL) 
SAMPLE 1 
N 0 3 A Ca j-Na+k 
oJ f^lHcoa+coj 
SAMPLE 2 
N03-X Ca 
Na+k 
Mg 
S04 
S04 
HCO3+CO3 
SAMPLE 3 
N03-X 
S04 
HCOa+COj 
SAMPLE 4 
N03-\ Ca 
S04 Hcoa+coj 
SAMPLE 5 
N03-X Ca 
-Mg 
-Na+k 
S04 
HCOS+COj 
SAMPLE 6 
N03-N Ca 
S04 
HC03+C0J 
SAMPLE 7 
N 0 3 A Ca 
H0P3+C0j 
S04 
SAMPLE 8 
N03-xCa 
•^^Na+k 
S04 
HC03+C0J 
All values in epm 
Fig:46 Circular Dfagrams (After Hem) 
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PRE MONSOON(SOIL) 
S04 
SAMPLE 9 
Ca N03 
S04 
SAM 
N03 
euEio 
rM^Na+k 
/ C HC03+C0 
' \ 3 
/CI 
S04 
SAMPLE 11 
N03 Ca 
-Mg 
-Na+k 
HC03+C0 
3 S04 
SAMPLE 12 
N03 
HC03+C0 
3 
S04 
SAMPLE 13 
N03 Ca^Na+k 
Jig 
HC03+C0 
3 
SAMPLE 14 
N03 Ca MgNa+k 
^ _ _ ^ HC03+C0 (3' 
S04 
SAMPLE 15 
N03 Ca 
HC03+C0 
3 
S04 
HC03+C0 
3 
All values in epm 
Fig:47 Circular Diagrams(After Hem) 
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PRE MONSOON{SOIL) 
SAMPLE 17 
S04 
Na+k 
HC03+C0; 
S04 
SAMPLE 18 
Ca 
HCO3+CO3 
S04 HCO3+CO3 
SAMPLE 20 
Ca 
N03, MjrWette+C07 
S04 
SAMPLE 21 
N03 ca Mg 
y P > J r Na+k 
HC03+C0J 
S04 
SAMPLE 22 
N03 Ca 
HC03+C0J 
S04 
Na-^k 
HC03+COJ 
S04 
HC03+C0 7 
All values in epm 
Fig:48 Circular Diagrams(After Hem) 
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PRE MONSOON(SOIL) 
S04, 
HCO3+CO3 
Na-^k 
HC03*C03 
SAMPLE 27 
Ca 
S04 
Na+k 
HC03+C03 
SAMPLE 28 
N03 Ca 
S04 
Na+k 
HC03+C0 5 
SAMPLE 29 
N03 
S04 
HC03+C03 
SAMPLE 30 
^ ^ fI&lHC03+C03 
S04 
SAMPLE 31 
ca/-wg 
-Na+k 
S04 HC03+C0 3 
SAMPLE 32 
N03 Ca 
S04 
Na+k 
HC03+C0J 
All values in epm 
Fig:49 Circular Diagrams(After Hem) 
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PRE MONSOON(SOIL) 
SAMPLE 33 
N03 
S04 
SAMPLE 34 
N03Ca (3 HC03+C0J 
S04 
SAMPLE 35 
a+k 
HC03+C0 9 
S04 
SAMPLE 36 
N03 r^^ 
HC03+C0 3 
S04 
SAMPLE 37 
N03 Ca 
HC03+C0? 
S04, 
SAMPLE 38 
N03 Ca 
HC03+C07 
S04 
HC03+C0J 
SAMPLE 40 
Ca /-Mg 
Na+k 
S04 
HC03+C0i 
CI 
All values in epm 
Fig:50 Circular Diagrams (After Hem) 
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PRE MONSOON(SOIL) 
SAMPLE41 
N03 
SAMPLE42 
S04 
-Na+k 
CI 1 HC03+C07 
SAMPLE 43 
N03 ca 
Na+k 
HC03+C05 
S04 
SAMPLE 44 
N03 Ca 
HC03+COJ' 
S04, 
SAMPLE 45 
N03 Ca 
Na+k 
HC03+C03 
SAMPLE 46 
N03 
S04 
' ^b3+C07 
All values in epm 
Fig:61 Circular Diagrams(After Hem) 
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POST MONSOON(SOIL) 
SAMPLE 1 
N03 ^Mg 
Ca-v /Na+k HC03+C0J 
SAMPLE 2 
N03 Ca 
S04 
:03+C0 7 
S04 
S04 
SAMPLE 3 
N03 
Na+k 
HC03+C0 2 
SAMPLE 4 
N03 Ca 
I Mg 
Na+k 
S04 HC03+C0 3 
S04' 
SAMPLE 5 
N03. f^ 
iRa+k 
HC03+C0J-
SAMPLE 6 
N 0 3 ^ Ca .Mg 
-Na+k 
S04 
HCOS+COi-
SAMPLE 7 
-Na+k 
HC03+C0-y 
S04 
SAMPLE 8 
N 0 3 ^ ,^ Mg 
Na+k 
S04 
HC03+C0: 
All Values in epm 
Fig:52 Circular Diagram(After Hem) 
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POST MONSOON(SOIL) 
SAMPLE 9 
S04 
HC03+C07 
SAMPLE 10 
N03 Ca 
S04 
a+k 
HC03+C0 7 
S04 
SAMPLE 11 
N03 Ca 
HC03+C07 
SAMPLE 12 
N03 Ca-
S04 
'HC03+C0T 
SAMPLE 13 
N03l Ca .Mg 
-Na+k 
, HC03+C0 J 
S04 
N03^ SAMPLE 14 
^2-JJw^Na^^HC03+CO j 
S04 
SAMPLE 15 
N03 /-Ca 
S04 
SAMPLE 16 
N03-1 Ca 
S04 
HC03+C0 J 
HCOS+CO "^ 
All Values in epm 
Fig:53 Circular Diagrams (After Hem) 
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POST MONSOON(SOIL) 
SAMPLE 17 
N 0 3 T Ca /-Na+k 
S04 
HC03+C07 
SAMPLE 18 
N03 ^3 , . (D HC03+CO7 
CI 
S04 
SAMPLE 19 
Na+k 
HC03+C0J 
N03 
SAMPLE 20 
Co 'Na+k 
HC03+C0J 
CI 
S04 
S04 
SAMPLE 21 
N03 Ca [Mg 
-Na+k 
HCO3+CO3 
S04 
SAMPLE 22 
N03 
Hcoa+coj-
S04 
Na+k 
HC03+C03-
S04 
HC03+C0J 
All Values in epm 
Fig:54 Curcular Diagrams(After Hem) 
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POST MONSOON(SOIL) 
SAMPLE 25 
S04 
HC03+C0 7 
SAMPLE 26 
N03 ^ 
S04 L Ca 
Na+k 
HC03+C0? 
SAMPLE 27 
Ca 
S04 
Na+k 
_HC03+C0j' 
CI 
S04 
SAMPLE 28 
N03 Ca 
Mg 
Na+k 
HC03+CO j -
SAMPLE 29 
N03 
804 HC03+C0J 
SAMPLE 30 
Ca [""^ i^cOS+COJ 
Fa+k 
504 
SAMPLE 31 
CayMg 
.Na+k 
S04 HC03+C0J 
SAMPLE 32 
N03Ca 
S04 
All Values in epm 
Fig:55 Circular Diagrams(After Hem) 
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POST MONSOON(SOIL) 
S04 
SAMPLE 33 
N03 ca 
S04' 
SAMPLE 34 
N03 Ca /-Mg 
-Na+k 
HC03+C0 
3 
S04 
SAMPLE 35 
HC03+C0 
3 S04 
SAMPLE 36 
N03 C a f * ^ 
-Na+k 
HC03+C0 
3 
S04\ 
s; 
NO 
\MPLE 37 
3 Ca n^  
k JHC03+C0 
S04 
SAMPLE 38 
N03 Ca 
HC03+C0 
3 
S04 
SAMPLE 39 
N03 Ca 
-Mg 
-Na+k 
HC03+C0 
3 S04 
SAMPLE 40 
_Ca /-Mg 
Na+k 
HC03+C0 
3 
All Values In epm 
Fig:56 Cirular Diagrams(After Hem) 
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POST MONSOON(SOIL) 
SAMPLE 41 
N03 
804/"^ ^ C a 
\jiy^^^ 
HC03+C0J/ Na+k 
SAMPLE 43 
NC 53 ca 
S04' 
Na+k 
^l\^HC03+C05 
S04, 
S04 
SAMPLE 42 
N03Ca 
-Na+k 
CI |^HC03+C0j 
SAMPLE 44 
N03 
HC03+C0J 
S04 
SAMPLE 45 
N03i ^^ Mg 
Na+k 
HC03+C0J 
S04 
SAMPLE 46 
N03Ca 
NMto3+C0^ 
All Values in epm 
Fig:57 Circular Diagrams(After Hem) 
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PRE MONSOON(SOIL) 
SAMPLE 1 
50 1 
40-
5 30-
Si 20 
10-
0 J 
40.095 
1.999 0.8 0.4547 2.663 0.801 
n 
•'. 
;v 
0.138 
o- # / d^  <> # # 
8 1 
6 
f 4 
2 
3.399 
SAMPLE 3 
7.^7 
"v 
0 0.3517 
2 ® ^ 2.013 
n n °i" 
^ ^ 
vH- QTJ C> > 
v?f 
p^ " 
^^ '^^  
SAMPLE 5 
35 
30 
? 20 
lU 
- -
-3.599 
rn,,, 
— 
0 
„ . „_ 2891& 
16.141 
0.479 \ j 2.203 
„., ,, L-1., , B=1..,..J 
{ 
0.066 
o* >J>^  ^#^ po 
.o^^ 
^^  # o^-^  
SAMPLE 2 
40 -,— 3AJ0B&-
30 
i 20 
10-3.599 Q.,g 1221 
28.915 
PI 
1.402 0.114 
o^ >.- ^,-^^^o- "^ # c^5^  
SAMPLE 4 
25 
20-
S 15-
ui 10-
5 
0 
23.74 
17.259 
2.799 0.39 0.81 $ 2.002 0.565 
^ ^ ^ / rS^ vO^ 
^ 
SAMPLE 6 
35 
30 
^ 25 
W 20 
Bi 15 
10 
5 
32.77 
12.34 
-4.999 
: 171, 
1.2 2.094 3.404 0.869 
^ * ^"^ / • ,0°" "^^  # ^O" 
^^^ 
P^  
SAMPLE 7 
40 
30 
a 20-i 
UJ 
10 
34.4aa , 
3.199 0 0.867 ^"^ 2.002 
...Ei ^ , i n , I—1., 
*! 
0.221 
-•" ^ ^ ^ / ' o c^c o^"^  
SAMPLE 8 
50 
40 
Si 20-1 
10 
-•3956-
47.49 
1.599 ' • ^ l 3.925 4.206 0.097 
o* ^- ^^-^/' O ^& ^P'^ 
Fig: 58 Bar Diagrams 
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PRE MONSOON(SOIL) 
SAMPLE 9 
man. 
o* "^^  ^ / 
.p" ^^ # o^'^  
«^^ 
SAMPLE 10 
38.062 
O* ^^ ^^^ cp'' "^ cF^  O^'^  
SAMPLE 11 SAMPLE 12 
15 
10-
13622 
S 
a. 
•" 5 
6.427 
2.399 2.2 
n m 
0.396 2.203 
, n , 
0539 
20 
15 
1 10 
lU 
5-^ 
•T5T2r 
4.999 
JIL 
3.728 
0.39 0.307 2.203 Ff 
m 
0.711 
o- ^^ ^/- ^^ o'^  o- o^^  c^ 
.& 
^ 
.^ 
o* ^^  .#^ cP" ''^  # o^" 
sj^^ 
p^  
SAMPLE 13 
50 
40 
S 30 
uj 20 
10 
-40.-738-
6.399 
• . 
12.322 
0 0.205 2.804 JUS: T—•"''"•—r 0.64 
^ ^"^ J" rp" ^^  cf^  ^O'' 
SAMPLE 14 
^^  ^^  #^^  / " ""^  <S^ 4 .& 
SAMPLE 15 
8 
6 
Ui 
2-^ 
e.427 
7496 
2.399 2 2 
^ ^ / • jp"" * «='" # • * 
/ 
SAMPLE 16 
0. 
lu 
•JO -1 
25 
20-
15-
10-
5 
0 J 
4.99G 
n 
3.4 
0 
1.819 
1 e=3-i 
4.794 
n 
2.408 
, ITBl 
^4.i288 
( j 
t 
3 
0.808 
^ •»* * / • sP"" * -S^ ^ 
^ 
Fig: 59 Bar Diagrams 
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PRE MONSOON(SOIL) 
SAMPLE 17 
C'* ^ ^ ^ ^ ^ r p " 
^^ 
P^  
^^  <.o- ^o'^ 
SAMPLE 18 
*^ ^^ ^^ ^ ..cP" "^^ '^'^ ^^ 
^"^ 
o'^  
SAMPLE 19 
40-1 
30-
a 20-1 
UJ 
10-
0 
36.283 
28.463 
2.599 2 46 o.751 
,1—1., , r - i 1 • 1 
•i 2.002 
... , rrra |— 
'ft 
0.59 
' 1 
o* # ^^ ^^ o^  o- o^^  d^^  
^^ 
p^ 
c^ ^ 
SAMPLE 20 
50-1 
40-
Si 20 
10 
45.407 
2.199 1.4 0.374 ^•'^^ 2.002 
0 - M = L 
0.203 
# J*- .O' O .& ^^ 
^^ 
d^  
SAMPLE 21 
21,204-. 
SAMPLE 22 
'•y ^" ..cf" ^c? 
SAMPLE 23 SAMPLE 24 
20 
15 
I 10 
UJ 5 
'15"164r^ ' 
9.073 
4.399 4.21 4913 171 5.007 
0.63 
20 
15-1 
i 10 
ui 5 
T4m4 
10.706 
3.799 2.6 
n, n 
0.583 2.403 0.269 
^O'^  «.- ^o-
Fig: 60 Bar Diagrams 
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PRE MONSOON(SOIL) 
SAMPLE 25 
A) 
It. 
i 10 
5 
0 
i&as 
13 307 
2.199 3-2 
C I , n . 
0.583 
3204 
0.632 
# ^O'^ 
SAMPLE 27 
40 
30 
i 20 
10 
~-3aa27 
1 999 6.22 4.625 2.663 4.005 
r— m n i—i n 0.665 
O^  ^ V ' ^ ^ / rS^ .& 
SAMPLE 26 
to 
•o 
Z 30 
uj 20 
10 
4087 
7,79G 
JLL 
16.85 
2t5tSl>.» 
if 
2.13 
» 
10,823 
0.633 
J" P" 
^'' 
SAMPLE 28 
11.275 
SAMPLE 29 
20 
15 
I 10 
UJ 
5 
18.848 
"^•^ 1 25 ^-^^^ 3 ' ^ ^ " " ^ 0.329 
SAMPLE 30 
1 
80 
60-
40 
20-
0-
7€ 
6199 0 0.924 3.728 2.203 
».2( 
1 
1 
37— 
0.639 
c^  ^^ ^ / rSi" v^O'^  
.CP^ 
SAMPLE 31 SAMPLE 32 
50 
40 
S 30 
Si 20 
1 ^ «;16t-
10-3.599 o iQ 2.162 2.4 0.704 
25 
20 
S 15 
Si 10 
5 -
J22Jm„ 
2.601 1.57 2 345 2.13 ^•'^ 
n rw, n r^n ra 
0.591 
'•y <> # • o^'^  
Fig: 61 Bar Diagrams 
251 
PRE MONSOON(SOIL) 
SAMPLE 33 
25 
20 
Si 10 
5 
0 
19576 T 
" -^^ ^ 059 2.081 2.13 2.804 0.356 
p^ O # ^o'^ 
SAMPLE 34 
20 
15 
i 10 
Ui 
5 
-15.678-
8.629 
^f f 0.39 0.751 m 1-802 
m , - I I , III I I , t.'iii , m , 
0.125 
o- ^^ ^^ / " ^^  # c^ ^^ 
^ ^ 
SAMPLE 35 SAMPLE 36 
20 
15 
i 10 
UI 
5-^ 
ieX)2-
12.926 TTi 
1.799 2.6 
m , m_ 
0.329 1.802 0.305 
30-1 
25 
5 20 -
a. 15-
1" 10 
5 -
0 
- ™ , „ . - _ _ 
" • • " * — ~ — 
4.199 5.379 
H 
2! 
2.603 
m 
5.423 
,«6 
0.127 
"^^  r& ^ o- ^^ ^^ / 
.o°^ 
O # d^^  
SAMPLE 37 
20 
15 
a. 10 
5 
-16v7-4S • 
9.106 
4.309 
-EL 0 0.751 H 2.002 0.681 
o- -^^  . ^ cP' O ^& ^^ 
^f' .cP" 
SAMPLE 38 
12514. 
O* # ^ # ^ ^^ O'^  O ^cf" ^d^ 
^ ^ 
SAMPLE 39 SAMPLE 40 
20 
15 
i 10 
UI 
5 
13.541 ... ^g.^, 
4.502 2.7 
n.n 1.255 
4.606 
0.329 
6 0 -
50-
- 40 -
a 30 
•" 20-
10 -
0 -\ 
2.199 
— 
2.6 
rr~i 
5C 
9-515 5 8 5 9 3.805 
t 
4X. 
re 1 
0.35 
C'* ^^ ^<^^ c p " ^^ <=P^  . a -^^ JD^ - 'b^ ^ ^ ^ 
^^ 
p^ V O c^^  ^o-
Fig: 62 Bar Diagrams 
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PRE MONSOON(SOIL) 
SAMPLE 41 
50 
40 
S 30 
8] 20 
10 
44.909. 
-42.837-
25.296 
217 
16.624 
3728 0.263 
C'* >J^ ^ ^ * ^ r p " ^^ r.& ^O 
^ . ^ 
" ^^ C^? 
^-" 
SAMPLE 42 
50 
40 
5 X 
6 20-
10-
45.578 
35.31 
8.799 
18.627 
1.067 4261 i 0.282 
Q* ^^ ^ ^ C^P" ^' ^ O^'^  
>?^^ 
SAMPLE 43 
SiQ32-
•^ ^ ^i" sP" ^ ^ ^ J" 
SAMPLE 44 
20 
15 
1 10 
lU 
5 
SAMPLE 45 
18.678 
SAMPLE 46 
3.399 
-EL 0.39 0.581 
•r..: 
- ter f49-
3.004 
0.325 
^^  J 0^ # / > o<- ^ ^ po" ^^  ^^ ^"^ 
>p & 
Fig: 63 Bar Diagrams 
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POST MONSOON(SOiL) 
SAMPLE 1 
>^^ J O # ^o^ 
SAMPLE 2 
27.916 
^ ^"^ ^ / - JCP" "^ 4^ ^O" 
Z' 
SAMPLE 3 
U29-
SAMPLE 4 
25 
20 
S 15-
ui 10 
5^ 
0 
23.114 
2.45 0.548 0.664 0.501 
<^  ^c^ ^6^ 
SAMPLE S SAMPLES 
27.916 32.141 
^ # ^ ^ JCP' * «* ^<? 
/ 
SAMPLE 7 
O* ^^ ^ / .d" ..o'^  
/ 
SAMPLE 8 
50 
40 
S 30-1 
Si 20 
10 
38.322 .42^26 
1 369 4.013 3.696 3.963 0.065 
O ^& ^& 
Fig: 64 Bar Diagrams 
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POST MONSOON(SOIL) 
SAMPLE 9 SAMPLE 10 
37.686 
SAMPLE 11 SAMPLE 12 
14 
12 
10 
8 
6 
6.05 
-12.411... 
9' 
4:} 2.052 2,152 1.586 1.954 0.475 
^^ ^^ ^ 
^"^ 
^^ # / " o- <^^  ^ o'^  O ^c^ o^'^  
SAMPLE 13 SAMPLE 14 
ou -
40-
5 30-
6 20-
10 
0 -
6.151 
in D 0.197 
11.595 
-36 
2.629 
m 1 
».4( 
• 
•1 
36 
0.601 
50 
40 
5 30H 
8] 20 
-39:354--
10-12.358 0 0.238 ^fl^ 1777 0.504 
o- ^^  ^^ j>> O ^& ^o-
"V o ^& ^^ 
SAMPLE 15 SAMPLE 16 
R 1 
6-
I4 -
2 
0 -
205 215 
DO 
4f 
^ _ .. ISSL. 
3 
1.777 
4, 0.065 
o* ^^ ^^ ^ ^^ o^-^  o^  cP^  d^^  
>?=^  .0-" 
o ^& ^^ 
Fig; 65 Bar Diagrams 
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POST MONSOON(SOiL) 
SAMPLE 17 
46.015 
o» # ^ -^^  / • O c^C / • 
/ 
SAMPLE 18 
o^  ^& ^^ 
SAMPLE 19 SAMPLE 20 
40 
0 
.J3&352-
3o^ 
i 20 
ui 
10-2.152 1.451 0.661 
2752 
1777 M 0-51 
d> ^«i > "^^  r & ^ 
r 
SAMPLE 21 
25 
20 
2 15 
uj 10 
20.306--
4.1 
EL 0 0.306 2 * 1 1.665 1 —, [.'ill—. m , 0.072 
20 
15-j 
i 10 
UI 
5 
SAMPLE 22 
15.615--
5.448 3.157 0.743 
4.553 
11.912 
i 
0.072 
O* ^"^ ^ ^ pO'^  ^^ # ^O'^  
^^ 
o- ^%^^^pO- o ^& /> 
SAMPLE 23 SAMPLE 24 
Q. 
UI 
5-
4-
83 
8 
4.1 411 3 612 
n,n,ni, 
67 
i 
14.479 
5 
4.691 
A 0599 
16 
14 
14.413 
OL 
UI 
-
- 3.55 
- Fl 
2.656 
Fl 0.412 
10.175 
2.194 
0.196 
*^ >^ ^ ^ ^^  xP" ""^  c^^  ^o^ O # o^^  
Fig: 66 Bar Diagrams 
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POST MONSOON(SOIL) 
SAMPLE 25 
20 
15-
I 10-
lU 
5 
12.926 
2048 296 0412 
3109 
-45.822-
0 6 
" / 
# 
SAMPLE 26 
o c^;» ^d^ 
SAMPLE 27 
lU 
35 
30 
25H 
20 
15 
10-
5 -
• * . .W . i HftMScWUin 
1 5 0 4 ^ ^ ^ 4 . 3 4 7 2433 387 
B*1 
0.616 
^ % ^ . O'^  
# 
P'^  
•^^ # o^'^ ' 
SAMPLE 29 
20 
15 
I 10-1 
lU 
5 
18.288 
4547 
H 1062 
3326 3.032 3997 
F1 , 01 m 
0.494 
^^  ,^r .p" 
^^ 
P" -^^ # o^'^  
SAMPLE 31 
50 
40 
S 30-
UJ 2 0 -
10 
0 
39.367" 
33 763 ~ Z ^ 
M i 
3.201 0196 189 •->i 2194 0.601 
"^ <,c^  / > 
SAMPLE 28 
1Q,79?. 
SAMPLE 30 
SAMPLE 32 
25 
20 
S 15 
Si 10 
"21 I3P6" 
235 1.652 2201 1.966 3193 
J^L T^^ i ^ ^ 
0505 
"Y O c^^  ^d^ 
Fig: 67 Bar Diagrams 
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POST MONSOON(SOIL) 
SAMPLE 33 
20 
15 
i 10-j 
5 
18.949 
^ • ^ ^ 1.602 1.879 1.966 2578 
n?l P-1 n r n t n ^ 
y 
if 
<f 
J 0.306 
^J>^ V "^ ^O' ^^ P" -.o'*' 
SAMPLE 34 
o- ^^ ^^^ ^^c 
/ ^ 
SAMPLE 35 
20 
15 
f 10 
5 
-15.558" 
12.022 
1.6 2.606 
1=1 , E l ., 
0232 1.61 
-ESL. 
0246 
O* ^^ ^ / ,0°'' 
^^ 
P^  
^' # # " 
SAMPLE 36 
30 
2 5 ^ 
S 20 
t 15 
"" 10 
5H 3.799 
• 
0 0.351 
5.012 2.462 
rn , m 
0.092 
^ % ^ \ / ' 
^^ 
P^  
O c^^  / > 
SAMPLE 37 
s 
a. 
UJ 
20-1 
15-
10 
5 
0 -
- -
4048 
n 
—-
0 0.589 
8 741 
n 
16.35 
1.777 
1 CT 
- - -
0.603 
o* ^ > ^^ rS^ ^^ 
^ 
& 
SAMPLE 38 
20 
15 
1 10 
lU 
5 
—18.676- 1 
445 
0 0.547 l ' ^ ^ , ^ , I. || I 
11.37 
• f ; J 4.223 0.439 
C'* "^^  ^ "^^  cP'' "^ cS^ J' 
^"^ 
<P 
SAMPLE 39 SAMPLE 40 
eo-i 
50-
^ 40-
t 30 
*" 20 
10 
0-
1.957 2.65 
4fte64 1 
882 5.531 3ggg 0.281 
>J"^  ^ / 
^^ ^ 
p'^ " 
O c^^  ^d^ 
Fig: 68 Bar Diagrams 
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POST MONSOON(SOIL) 
SAMPLE 41 
50 
40 
S 30 
Si 20 
10 H 
4L7Z2- -4^,381-
»^  
2.401 
24.704 
16.05 
3.441 
}l 
|1 0.224 
o^  ^ ^^^^^^o- o- ^& / > 
SAMPLE 42 
SAMPLE 43 
^^ ^^ 
SAMPLE 44 
11.031 
SAMPLE 45 SAMPLE 46 
20 1 
15-
S , „ 
a. 10-
Ui 
5 -
0 -
1£ 
3.05 
_ _ 0.347 0.48 
n 
>•?( 
)<< 
* 
T, 
V^ 
M 
3 2 
•• 16.037- -
2.775 
, Rl , 
• ! • 
*?, 
i 
u 
0.264 
25 
20 
15 
& 10 
5- 2 « 8 0.992 0309 "^f^^ " 7 2 
JZl. 
O ^& ^^ o- ^ ^,-^^o- O- c^^  c^? 
Fig: 69 Bar Diagrams 
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— I , 1 ^ — 
26 i-S 
- I 1 — 
X o 
PRE MONSOON WATER 
CATIONS ANIONS 
/Va+k 
— Sotv 
gcMv,ioiA M o - j _ 
No - 2 . 
K/o- 3 
No - ^ 
No- 5 
m-^ 
Klo-? 
No'8 
I I -1 1 1-
tt It t s 
260 
All values in epm 
ic 
PREMONSeON WATER. 
CATIONS ANIONS 
Saw\|o!lchJo-3 
All values in epm 
Fig. 71: Stiffs pattern diagrams. 
hlo-Xo 
No-U 
No-i2. 
No'lS 
WD-I^ 
No'X5 
NJ6'16 
Zif — I — 
261 
Zl. 
CO. • 
—r~ 
IS 
PRE MONSOON WATER 
CATIONS 
— I — 
ANIONS 
A/«.4W;( 
•X5 
/t 
T r 
XJ 
I ' 
§0 
— 1 — 
ft 
All values in epm 
Fig. 72: Stiffs pattern diagrams. 
HCOj 
Sov 
C02 
^ S)<\\^joi' No 'l? 
Ho-18 
No-lS 
No-2o 
hi 0'2.x 
No-2 2. 
• No-^3 
Uo-'2k 
— I — 
i e IT-" 
262 
PREMONSCX)N WATER 
Nd + K -
CATIONS ANIONS 
So l / 
KS 
£>awijpk No'2f 
— I 1 1 1 I 1 ( — I I • — f -
J/- XS X" /i ^ 0 4 . 
hlo' JZC 
Ho'2i^ 
N o - 2 8 
Uo-23 
No-JO 
IVO'Ji 
Ho-3% 
I I 1 ' I I I 
It i.f iS U 
All values in epm 
Fig. 73: Stiffs pattern diagrams. 
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PRE MONSOON WATER 
- ) 1~ 
5i 
CATIONS ANIONS 
Xi 
—I— 
Sa^vl|*i£^o-3J 
-t— 
It 
No-3^ 
NO-35 
NO-Z^ 
NO'Jl^ 
No-^g 
NO'3^ 
hJO-Lic 
xf - 7 — 2 e 1 ' I ^ I r O." 
All values in epm 
Fig. 74: Stiffs pattern diagrams. 
18 3{ 
264 
- 1 1-
3fe 
PRE MONSOON WATER 
CATIONS ANIONS 
c> 
—r 
— Co i 
Sa^^!l« 'Klo-m 
N<5-li2. 
N^-^3 
Mo-^ ^ 
No-QS 
No-^^ 
"I 1 1 1 1 r — I — 
i.8 IS —r— il O '^  tt. Zo 
All values in epm 
Fig. 75: Stiffs pattern diagrams. 
?6 
265 
"~IT 1 r— 
POST MONSOON WATER 
CATIONS ANIONS-
u 
- r -
It 
KS-
^~1 
Saw\|<,^e N i o - ± 
NJo-2. 
HO'S 
No-4 
No 
Uo- C 
No-7-
hlo'8 
ic It — 7 -
T-
16 
—r— 
All values in epm 
Fig. 76: Stiffs pattern diagrams. 266 
— I — 
—r— 
POST MONSOON WATER 
CAtlONS ANIONS 
cJL 
^ol^ Saw%b5tN/o-5 
-1 ) 1 < ^ • 
N/C-/0 
NO-11 
hJo-11 
NO'U 
Uc-lH 
Klo'lS' 
Uo-1^ 
— r — — r — 
Ac ti It 
—r— 
U 
All values in epm 
Fig. 77: Stiffs pattern diagrams. 267 
POST MONSOON WATER 
CATIONS' ANIONS 
Sa^i^j,^^ do-I 9= 
No-18 
•Ne-l<J 
Ho^^v 
Mo-22 
Sic'^3 
Ho-lh 
All values in epm 
Fig. 78: Stiffs pattern diagrams. 268 
POST MONSOON WATER 
CATIONS ANIONS 
Sc\w\lai(_ K/o- 2 5" 
—r-
- p -
I t 
—I— 
n 
Nc- 2 ^ 
Ho-2^ 
A/o-^S' 
He 29 
He Zo 
Uc-iH 
No-T£ 
T 1 r 
269 
— i — — 1 — 
2^ 
—r— 
All values in epm 
Fig. 79: Stiffs pattern diagrams. 
POST MONSOON WATER 
CATIONS ANIONS 
hJu+< 
V 
— 1 — 
-1 \ r 
/I 
2oi^'f>i< Mo-3 'J 
N o - 2 ^ 
Uo-IF 
K^-3(> 
KJo-J?-
KU-38 
Ho-V 
H^-^ 
J / — I — 3^ 
—r— 
iS tt it, 
All values in epm 
Fig. 80: Stiffs pattern diagrams. 
:L& 
270 
CO,. 
POST MONSOON WATER 
CATIOhfiS ANIONS 
-) 1 1 r- tf y-
s<xvA,|,i< Mo- m 
Na- ^^ 
No'L(3 
A / o - ^ V 
Nc-Ur 
K\o-Us 
-1 • 1 r - 1 1 — 
3i 
271 
i5 ;te It It ^ o 4 ^ 
All values in epm 
Fig. 81: Stiffs pattern diagrams. 
7 — 
18 
PRE MONSOON SOIL 
CATIQNS ANIONS 
Co. . 
ft-
£o 
•<> 
Scki^l^l? Mo- i -
Soli 
fiOj 
^£•»( 
vio-1 
fvJo-J 
N o - ^ 
N o - 5" 
McJ-6 
N / 6 . ^ 
M o - ^ 
-i 1 r——o ;• ~~^ ' •" 
'1 It 
— I — 
i-
-\ r-
X8 
All values in epm 
Fig. 82: Stiffs pattern diagrams. 272 
W<N-fK 
PRE MONSOON SOIL 
CATIONS ANIONS 
All values in epm 
Fig. 83: Stiffs pattern diagrams. 
dl 
No-11 
Ho-lJ 
Uo - 1^ 
M o - l S " 
M o - U 
1 1 - 1 1 1 1 T 1 C 1 < ' 1 1 ' '•„ ' 
273 
-1 r 
—,— 
•PRE MONSOON SOIL 
CATIONS ANIENS 
-T , , p 
c 1 r- —t— It 1 1 r 
Uo- |g 
M o - l<? 
N ' o - 2 o 
^^c-Zt 
N^-^Z 
h/o~ 23 
Uo-IL, 
All values in epm 
Fig. 84: Stiffs pattern diagrams. 
—T~ 
^8 
llA 
' 't n U\ 
0 
•A. 
t 
d 
^ ^ 
4-it 
-!? 
— 1 — 
Jo 
PRE MONSOON SOIL 
CATIONS ANIONS 
SQ>\A^y,^ M o - 2 S 
Mo - J £ 
' i 
- J 1 1 1 — 
All values in epm 
Fig. 85: Stiffs pattern diagrams. 
275 
PRE MONSOON SOIL 
ca -
N^ ^ 
^e. 
CATIONS 
fca<2 
N<^ 
< 
ANIONS 
(^ 1 e l 
H S J — 
C' &^ 
(Zoy 
,_5.^. i la i^ jo ie N. - J j" 
Mo-J^ 
Wo--^5-
M o - 3 6 
Nc- 3 ^ 
N6 - 3 ? 
M0--3? 
All values in epm 
Fig. 86: Stiffs pattern diagrams. 276 
^i^MONSCX)NSOIL; 
CATIONS ANIONS 
So,^\.(le N c - U2 
All values in epm 
Fig, 87: Stiffs pattern diagrams. 
27^7 
POST MONSOON SOll. 
CATIONS ANIONS 
C 0 7 
dl 
Hfto^ S O ^ V ^ ^ J L ? M O - i 
& 0 / 
Sov 
N o - ^ 
Wo - J 
No - 4 
W*-?. 
All values in epm 
Pig. 8S: Stiffs pattetn diagrams. 
278 
POST MONSOON SOIL 
CATIONS ANIONS 
A^4 _ 
Fc 
I r-
IB 
c> 
I r 
Ht'\U 
Sol, 
£ 0 3 
S»vvi)fl|Lt K l o - ^ 
Sov< 
Mo-12 
Ho- 15 
No- U 
- ) J 1 J * T 1 T - I 1 1 1 
All values in epm 
Fig. 89: Stiffs pattern diagrams. 
279 
POST MONSOON SOIL 
CATIONS" -ANIONS' 
Mo -It 
Mo - £ j 
Uo-'S^k 
All values in epm 
Fig. 90: Stiffs pattern diagrams. 
280 
POST MONSOON SOIL 
CATIONS ANIONS 
2c^^\>\e M o ' ^ 5 
1 r- 1 1 1 J 1 j -
Mo-^9-
M<D -2.8 
Nio- 2 ? 
Klo-3^ 
XB lo It 
- I 1 1 1 —^ ' 
(1 i " X.6 
All values in epm 
Fig. 91: Stiffs pattern diagrams. 
281 
POST MONSOON SOIL 
Go. 
CATIONS 
(>^<a4K j ^ _ 
i 
ANIONS 
f ^^ 
CO J 
Q 
— 1 — i o 
Sot, 
^ 0 ^ Sawi^^K Mo-33 
Mo-3^ 
No-IS" 
Kl«-3^ 
No-37. 
N6-IS 
N o - 3 ^ 
1 1 1 1— 
/t 
All values in epm 
Fig. 92: Stiffs pattern diagrams. 282 
POST MONSOON SOIL 
CATIONS ANIONS 
Scx^'e^'i M o - k s 
All values in epm 
Fig. 93 : Stiffs pattern diagrams. 
• e ^ o f 
Mc-kS' 
No -k^ 
283 
6 7 8 
Sample No 
17 18 19 20 
Sample No 
24 
29 30 31 
Sample No 
g15 
Q. 
Q. 
= 10-
2 
c 5-0) 
o 
c 
o 
O 0 -
—•— Fe -m- Cu —*—Pb —H—Zn —9K—Cd - • — C r —B—Co — • — M n —A—Ni —©—Hg 
•^ * r X . - ^ ' ^ ^ ^ S ^ ^ '0_ ^ " ^ J | f O : ^ ^ ) ? ^ \ l 
; — 1 ^ ^ ^ ^ ^ 1 g ^ ^ ^ ^ ^ ^ = f T — ' ^ S S j ^ ^ ^ J 
36 37 38 39 40 41 42 
Sample No 
43 44 45 46 
Trace metal concentration variation in pre-monsoon water samples 
Fig . 94.a 
284 
12 • 
?10 -
O 
1 6 -
§ 2-
o 
0 \ 
1—•—Fe —•—Cu —A—Pb —H—Zn —K—Cd —•—Cr —e—Co —B—Mn —•—Ni —A—Hg| 
V ^**^C w j ^ ^ / ^"'^•H-^l^ / ^ N ^ " ' ' ^ -bf j ( \ -Vf \ V 
iF^***$'*'^^^^^^B^^''i'?'^B^"^^^-^S—I '^T^^^w' •"•"•'TJ 
1—1 , B — , — z — , — = — 1 * * ^ 1 o-"~r 1 ^ w^ 1 "7" y i ^ B 1^ %—1 
6 7 8 
Sample No 
10 11 12 
10 -
a 
o 
4 ^ 
24 -
c 
0) 
0 
o 
0 -
|—•—Fe —•—Cu —A—Pb —»«—Zn ^l(—Cd —•—Cr —e—Co —B—Mn —•—Ni —A—Hg| 
I^ ^P^^NM*-^ ^^^M4^Mr^ 2===l 1—ir , • , ""ii 1 f 1 u 1' a' 1 —1 a 1 H' 1 1 1 • 1—**—1 
13 14 15 16 Sample No 20 21 22 23 24 
29 30 31 
Sample No 
14 
^ 1 2 • 
F Q.10 • 
Q. 
c b-
O 
2 6 
c 4 -
« o „ 
c 2 -
o 
" 0-
—•—Fe —•—Cu —A—Pb —»«—Zn —*—Cd —•—Cr —O—Co —S—Mn —•—Ni —*—Hg 
A / \ / \ 
/ \ / j ^ \ ^ 
^^ __—•..^ ^ / / " N ^ X _*'--''^ '^ *^^  
^ ^ ^ ^ ? " " ^ A"*"*^ ^^^"^y^ -./^^^L.^'"'^w\ ..j^^"""^ ^^^ «^L ^^^x 
"^^ •^•^ M ^^^~'^^^^'^—^^'^' ' ' i^ ^ * ^ ^ ^ ^ "^B '' MI - - W jf "^ c^Fl 
^^ ^^ t^^S^ i^H^k^P>&aa^H^f r^^S^Ha^B7 i . ^ & fli ^ ^ ^ ^ b ^ B ^ V ^ ^ C & M ^ ^ • • ? ^ ^ 9 E ^ * w ^ S ' ' ^ l 
36 37 38 39 40 41 42 
Sample No 
43 44 45 46 
Concentration variation of trace metal in 
post-monsoon water samples 
Fig . 94.b 
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^^^^^ 
E 
a 
a 
c 
o 
•frrf 
2 
r V 
o c 
o 
o 
35 
30 
yh 
?0 
15 
1(1 
5 
0 
- A ^ 
h *"^^HK -^^ tT^^ '^'''*^ ^^— {^-"^—t—^T ' 
13 14 15 16 17 18 19 
Sample No 
20 21 22 23 24 
29 30 31 
Sample No 
35 
40 41 42 
Sample No 
43 44 45 46 
Concentration variation of trace metals in pre-monsoon soil samples 
F i g . 95.a 
286 
-^14 
6 7 
Sample No 
8 9 10 11 12 
32 33 34 35 
Concentration variation of trace metals in post-monsoon soil saml''^^ 
F i g . 95.b 
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PRE MONSOON(WATER) 
SAMPLE 1 
8 n 
6-
Q. 4 -
0 _ 
0 -
6 29 
, 
1.295'-627 
Fi n 
3 92 
1.34 
: n : 
1 2.81 
0.33 
r—1 
0.41 0.17 
1-1 — 
Cu Pb 2n Cd Cr Co Mn Ni Hg 
SAMPLE 3 
• 
^ 1 5.81 
6 -
5 -
S 4 -1 
a. 3 -
2 
1 -
0 -
1 517. 
'•""'1.092 
nn : 
3,92 4.17 3.99 
, 0.91 , 
n ^ 
0.97 0.98 
R n 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 5 
8 n 7.03 
6 -
W A a. 4 -
a. 
M '•28^.751 
n n 
5.46 ^-^2 
' 3.46 
-
T 2 61 
013 0-48 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 7 
8 -, 7.18 
ft J 5-
r 
l 4 - | 
Q-
2 -j'-'^^^i 164 
n n n . 
51 
-, 4.81 
2.51 
1.67 
= U 
"1 0 97 0.97 
- n p 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 2 
10 -, 8.81 
8 
S 6 
a 
Q. 4 
2 
0 
-| 
_ 
2.212.207 
H n 
: 5.74 517 
1.65 
. 
• . 
^ 0.75 ^ 0.75 0.42 
"* H ~ n * n .-, 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 4 
Q 5.56 
5 -
4 -
S -
Q. 3 -
;1 
4.39 
•01%.769 _ 
R n -
, 
: 4.51 1 
; p 
, 2.69 1: 
T 
4 
1.57 * I'S 1.54 
Ri ? I^ra 
- ' — ' • - T ' - ' - * 1 ' " •- ! f 1 1 1 1 1 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 6 
12 -, 10.38 
10-
8 -
W R a. 0 -
a 
4 -
2 -
0 -
7.52 r 
1.885,251 . 
n n 
_ 1.82 : 
I 
: 3.73 3.55 
i F] PI ^^ ^ 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 8 
8 . 7^6 
6 - 4.4 , 
=2 ,. r-
a 4 i 
a. ' 2 j , — 1 2 3 3 
P 
0 +-
.508 _ -
•s 
' 
1 
- 4.28 
'• T 
- -; 
. i 
q 3.36 
'• T 
: 0.22 ' 
r 1.3 
: n"^ 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig:96 Bar Diagrams 
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PRE MONSOON(WATER) 
8 
6 ^ 
a. 
SAMPLE 9 
7.24 
5,72 
4.49 n W-
L 
•521i.i49 
2.76 
1.27 0.97 0.74 
n n 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 10 
Q. 
a. 
12 
10 
8 
6 
4-1 
2 
0 
9.67 
i 
5.5 
e\ 3.76 
•'•611.296 I 
* 
3.76 
2.21 
0.28 0.96 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
12-1 
10 -
8 
i 6 
"• 4 
2 -I 
0 
SAMPLE 11 
10.91 
SAMPLE 12 
5.03 
1.283 
p . 0.079 
2.17 1.44 1 34 
6 
5 
4 
i3^ 
'^2 
n°°^,n.Vn 1 -
5.16 
1.541 
fl 0.529 n 
3.94 
r^ 3.47 
HI 
2.94 
1 •• — ^ ' r ' * " " ' " 1 ^ - • • ] • • ' " • •[ 
0.97 
0.09 
0.98 
a 
Cu Pb Zn Cd Cr Co Mn Ni Hg Cu Pb Zn Cd Cr Co Mn Ni Hg 
5 
4 
S 3 g.376 
Q. 
Q. 2 -
1 
SAMPLE 13 
4.69 4.39 
0.648 
SL 0.082 
3.76 
2.61 
0.11 0.22 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
12 
10 
8 -
i 6-
"• 4 
2 
0 
SAMPLE 14 
9.85 
5.495 
• 2.04 2-^2 2.91 1.94 
R 0.29 0.43 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
5 -, 
4 -
S 3 
a. 
a 2 
1 -
SAMPLE 15 
4.52 
2.15 1.94 
i 3 5 ^ ^ 
I : D . 9 8 4 
Dji 
2.72 
2.01 
~_ 1.61 
0.18 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 16 
5 
4 
S 3 
Q. Q. 2 
1 
0 
4.13 
3.25 
2.376 
).942 
EL 
1.51 
•^  m 
0.7 
2.48 
0.13 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig:97 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 17 
6 
5 
4 
f 3 
1 
4.98 
172 
n 1.346 
£ 
4.16 3.82 
m 2.93 2.91 
0.11 
0.72 
I ^ I — • I HL 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 18 
6.1 
6.92 
:J.515 
11 1.039 
M 
5.18 
m 3.33 
1.31 
0.06 0.09 
I ' 1 1 I 1 1 1 . I 11 • I I 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 19 SAMPLE 20 
7 • 
6'-
5 -
s 4 ^ 
t 3-
1 -
0 -
6.15 
i 
'•9211.547 -
nn 
' 3.82'•19 
• ^ ~ 1 ~ ^ 
: 2.94 
. 1.97 r 
1 1^ ' 
*T 
0.99 0.61 
8 
6 
a. 
2 
5.92 
2.74 2.75 2.83 
4.43 5.17 
m s 
0.75 
^ tyf FT^ 
0.21 
Cu Pb Zn Cd Cr Co Mn Ni Hg Cu Pb Zn Cd Cr Co Mn Ni Hg 
10 
8 
2 6 
it 4 
2 
0 
SAMPLE 21 
9.52 
1,4331.204 
2.34 2.59 
n n n °°^ °^ ° 0.2 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 22 
5 
4 
5 3 -
6 2-
4.75 
3.55 * 
1.75 
1 f-se:^ Qgg 
0 I 
2,26 
1.21 0,75 0.42 
El , 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 23 
8 
6 ^ 
a. 4 
2 
6.123 
i).48"iD.425 
2.91 3-^1 
P f l 1.04 129 
J l I I P G 0.49 0.62 cx • . 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 24 
10 
8 ^ 
S 6 
8: 4^ 
7.81 
2 p.753).977 
3.74 4.13 
0.84 l ' * ^ 0.91 0.49 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig:98 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 25 
10 
8-1 
S 6 
£ 4 
8.78 
2 .p 942.872 
n n , 
5.18 
2.73 2.26 
n - 0'92 r , 1 0.41 
Id , u , n , L3 , G , r-. 
. 5 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 26 
5 -, 
4 
S 3 -
2: 2 
4.64 
l).95'0.982 
H R. 
3.44 
1.96 
0.46 
11, g , 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 27 SAMPLE 28 
3.68 
Q- 2 ^.283 
0. 
2.409 2.11 
Qjin 1.28 0.33 J3. 
1 I " — T 
0.09 0.52 0.48 
4 
3 
f 2 
0. 
3.55 
2,41 
1.417, 1.044 
ii 
1.42 
2.47 
1.81 
1 ^ [ • ' " • , » • ., 
0.32 
0.91 
Cu Pb Zn Cd Cr Co Mn Ni Hg Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 29 
8 
6 
f 4 
a 
0 
5.98 
3.1 
2 -0.942 
n 
0.02 H 
2.48 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 30 
6 1 
5 
4 -I 
1 3 
'^ 2 
1 
5.14 5.41 
2421-461 
BJL 
2.44 
1.12 1.13 0.99 
0.33 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 31 
1 
10 n 
8 -
6-J 
4 -
2 -
0 -
8. 
1 611 892 
D D.. 
17 8. 
2.72 
n 
56 
^ 1.441-94 
n n 
1 
n 
0.45 
5 
4 
5 3 
6 2 
SAMPLE 32 
4.18 4.17 
0.936 
1.431 
oJi 
2.18 1.99 
0-91 0.72 
,n,n, 
Cu Pb Zn Cd Cr Co Mn Ni Hg Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig:99 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 33 
5 
4 T 3.61 
4.05 
S 3 
1 
1.8452.02 
).721 
2.61 
1.04 [ I 0 74 099 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
4 
3 ^ 
i 2 
a 
1 -I 
SAMPLE 35 
3.51 3-76 3.36 
1.678 
0.955 
n 
2.17 
1.62 1.49 
0.13 1 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 34 
5 
4 
S 3 
£ 2 
4.28 4.75 4.51 
3.18 
2.15 
1 i).107 
0 -I-—T-
1.41 
0.27 0.09 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 36 
6 -, 
5 -
S ^ 
£ 3 
°' 2^ 
1 
4.88 
5.67 
3.77 
3.1 
0.932 1.32 
81 
1 1 1 r 
? 
0.91 
0.27 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 37 
5 
4 
S 3 
8:2^ 
1 
3.23 3.47 
3.91 
11.962 
n 0 932^IS 
nH 
cq.93 
0.78 0-98 
Cu Pb Zn Cd Cr Co Mn NI Hg 
SAMPLE 38 
4 
3 -] 
1 2 
D. 
1 
1541 1.54 
0.874 m 
2.91 2.94 
m 1 Q« 2.19 m 
R 
1.98 
0.92 0.99 
PI III 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 39 
4 -, 
3 
1 2 
Q. 
3.42 
.691 
n 0.9820 94 
im 
2.14 2 14 
1.61 
0.84 102 m 
nil 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 40 
3.55 
o. 2 ii 27 
Q. '^'0.9040.69 
' ^ 2 . 2 8 ^ ^ 
ccn 
Jill 
2.5 
1.63 
0.66 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig: 100 Bar Diagrams 
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PRE MONSOON(WATER) 
SAMPLE 41 
15 
a. 
'^ 5 
0 
5. 
5.996 p 
14 
71 I 
21 
- 05. 92 
4.3 
^ n 0.02 0.41''•''6 
• ' ' V " ' " ' I •'^ 1 1 - - 1 1 1 ' ^ 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 43 
5 -, 
4 -
S 3 -
S: 2 -
1 -
3.97 
2.' 
cc 
•^o%.906^^^^;,^ p 
R R M W * 
55 
0.27 
1—1 
0.56 0.5 
n n 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 45 
8 -| 
1 6 -
l 4 . 
Q. 
2 -
k9« 57 
3.( 
1.375 .= 
0 
6. 
• 
38 ' 
1 
59 
• 
7 
CO 
' 0. 
1 1 1 ( 
Cu Pb Zn Cd C 
1.89 
23 °-''3 0.12 0.13 F j 
;r Co M n Ni Hg 
SAMPLE 42 
4 -j 3.51 3 33 
3 -? 566 i 1 
i^-S 1-5^ 1 i 1.3 
1 . i 0.5880.47 i i 1 P] °r^ ^ 
O.J 0 0 1 1 ° i i i 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 44 
4 1 3.27 
^'-"^ ' ' H o , 
£ 2 - P m l i ^ .47 _ 
Q. ; 0.966 ^ 5 m 1 0-98 
^ - 5 n I ! 1 °5 1 °^ ' i U - r 
Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 46 
6 -, 
5 -
°- 2] 
1 -
U -r 
4. 
•°^^0.624 'l 
R n : 
8^4. 
r 
. 
x: 
41 
II 3 
i 
12 2 
1 0.91 
1 PI 
Cu Pb Zn Cd Cr Co f 
91 
1 0.94 0.98 
* 
i El H i^ n Ni Hg 
Fig: 101 Bar Diagrams 
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POST MONS00N(WATER) 
SAMPLE 1 
5-1 
4 -
S 3 -
a. 
0. 2 -
469 
1 
' 1092^.416 J 
2.81 
I 
1.14 : 
1.92 
: " n 0 B i l 1°-: 
U T 
0.55 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 3 
4.76 
5 -1 
4 -
S 3 -
a 0. 2 -
1 -
O -
. 
» 
1-13%.981 : 
n^ n n. 
3.92 
2.96 F 
I 
2.44 
• 
0.69 , 
0.91 084 
P P 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 5 
J 6.61 
6 -
5 -
S 4-, 
£ 3 -
2 -
1 -
0 -
' 
5.182 
- 1 
- n n -
I 439 419 
~-
. 2.19 2 04 r 
30 r 0.09033 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 7 
7-1 6.11 
6 
^ 1 4.72 
5-1 
5 4 1 
g:3^ 
2 - | 
1 -
0 -
•381-1.0421094 
n n n 
T 378 
• -
• -
197 
1.11 f 
' n 
1 0 67 0.83 
: n n 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 2 
8 -1 
6 -
2 
a. 4 -
0. 
6.72 
7 
1.97^091 .] 
4.16 427 
A 
2 - -^ i-i t ^ 1.22 P 
0.654 n 0 1 ZT * 
R 
-' 
0.47 1 0-65 0.31 
0 | « - ' | t . > ' i ' - « | i " « , ' J | t - ' | i - ' i » - » i ' - ^ | i - » i 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 4 
5 -| 
4 -
S 3 
a. 
a. 2 -
1 -
U -f 
4.41 
sq 
3.42 ; 
i 
a y 2,99 
' L 
-
3-692 0.579 ; 
n w p : 
* 
• j 
_ , 1-27 3 1.12 1.12 
3 ^ m ra 
1 * Ka P4 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 6 
10 -] 8.94 
8 
S 6 
& 4 
2 
n \ j 
" 
6.11 
-
-
1.46^.2241.182 
n n n 
' f i 
Z 1.44 
: 0 
1 
^ 2 . 9 1 
i „ 2.11 
I i 1 ° '1 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 8 
7-| 6.32 
6 -] 
5 -
S 4 
0- _ 
0. 3 
2 -
1 -
U H 
4.14 
• 
^•'^'^ 1.099 
n 0.483 _ , 
n n n 
T 
" 
— 
** 
D I f 
i 3.14 
'r 
I 
a 2.37 
]^  
7 0.11 
f l 1.14 
1 ra 0.21 
Fe Cu Pb Zn Cd Cr Co Mn NI Hg 
Fig:102 Bar Diagrams 
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POST MONSOON(WATER) 
SAMPLE 9 
7 
6 
5-4.232 
E 4J 
8 : 3 
2 
1 
6.17 
4.92 
348 
1.1811.101 
JUL 
197 
^ ° ^ n 0.67 0.67 
, • , 1.1 n, n, 
10 
8 
S 6 
a. 
0- 4 
2 
0 
6.211 
SAMPLE 10 
8.32 
4.47 
1-411.099 
• ,•, 
2.74 
1 
1,98 2 ' ^ 
Fe Cu Pb 2n Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
12 
10 
8-1 
1 6^ 
CL 
4 
2 -
SAMPLE 11 
991 
4.74 
2351 
D 1.184 
5 
4 -
3 -
0. 
0. 2-^ 
1.96 1.91 
H °i^ . 0. °, n' 
SAMPLE 12 
4.66 
1.872 
fell 2.46 2.26 
1.125 
0 0.417 
0.84 
1.86 
I 084 
i,°5j. 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 13 
s 
a 
a. 2-
1 -
0 
5 -
4 
3 fi.644 
3.97 
1.976 
0.468 
3.59 
0.071 
2.61 
1.97 
1 0 -
8 
S 6 
a. 
<»• 4 
0.11 0.11 
2.896 
SAMPLE 14 
8.42 
r I 
I I 
2.01 2.08 i^  
2 0.299^0.196 0 • I 
0 I ra , L I , —" 1.1,1,1, m 
1.941.81 1.21 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
4 
3.5 
3 
a. 2-11.482 
0.5 
0 
SAMPLE 15 
3.41 
SAMPLE 16 
2.07 
1-5- n ^3.673 
1 - On 
2.01 2 
4 
3.5 
3 
2.5 {2.124 1 974 
n 1.49 
0.21 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
I 2^ 
°- 1.5 
1 
0.5-1 
0 
2.99 
0.846 
3.42 
I 
1.16 
i? 3 n 
1.96 1.83 
I 0.06 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig:103 Bar Diagrams 
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POST WlONSOON(WATER) 
SAMPLE 17 
5 
4 ^ 
<^  2 -fl .424 
1 -
3.96 3.94 
2.061 
1.236 
J l 
2.71 
198 197 
0.16 
0.69 
i l 
Fe Cu Pb Zn Cd Cr Co Mn Ni H0 
SAMPLE 18 
7 
6 
5-1 
S 4 
8:3 
2 -
1 -
f 6 1 5 
5.16 
i'^ ' 
-2.061 
.009 
EL 
5.82 
2.67 
1.C0 
0.06 0.03 
Fe Cu Pb Zn Cd Cr Co Mn NI Hg 
SAMPLE 19 SAMPLE 20 
6 i 
5 
4 
f 3 
a. 
2 
1 
5.18 
1.951 
1 4231.246 
n H 
3.41 3.06 
1.94 
^ • ^ Q 0.77 
5 i 
4 
S 3 
0. 
0. 2 
H 0.47 On. 
2.48 
s 
4.66 
E l '*-^ ® 
1.981211 193 
1.215 n 
1 » 
1 0.65 
0.21 fl , El "r^  
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 21 SAMPLE 22 
10 
8 
2 6 
a. 
a. 4 
2 
0 
^ 8.71 
i).513^ 13a.061 
r-i n n 
.. 
-
: 1.091.24^®^ _ „ 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 23 
7 6.42 
6 -
5 -
S 4 -
8:3-
2 -
1 -
0 -
272 
n 0-38%.235 
1.96 2-
JLi 
27 
• 0.94 1 ••'9 
^ ^ 
2.139 
3.62 
2.96 
1.66 s 
°-28%.i ,045 
1.72 
^ 1.07 I 
i,i,y 
0.65 in 0.31 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 24 
6.47 
3.19 
m 0.61 ^-'^0.82 
XL 
0.39 
1 3 , E H , 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig: 104 Bar Diagrams 
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POST MONSOONOA/ATER) 
8 
6 
f 4 
Q. 
SAMPLE 25 
7.34 
.42^83^.652 
n n n 
4.09 
2.16 2.06 
Li H.n n n °i\ 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 26 
2.5 
2 
1.5-
0.5-1 
0 
2.21 
n 
•A 
a-
i 
g: 1 P.89?).84%792 
n r i ^ 
1.98 
1.25 
f 
r 
1.16 
m 0.870.81 
i 
\ 
0.32 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 27 SAMPLE 28 
3 
2.5-
2J1.592 1.506 
a 1.5 
1 
0.5 
0 
2.44 
•^ 1.184 pq 1064 1.06 
0.11 
0-460.35 
2.5 
2 
S 1-5 
a. 
«>• 1 
0.5 
0 
'•;!. 1.216 
„ 0.981 
1.94 2.11 2.14 
t 
1.14 M 
R i m m 
J 
0.79 
0.27 p 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn NI Hg 
SAMPLE 29 
6 
5 
4 -0.319 
1 3 
a. 
2 
4.86 
3.09 
"l 1.96 
0.834 
g o ^ 
1.96 
A 1-07 
a. _ 0.21 
1.11 
Fe Cu Pb Zn Cd Cr Co Mn NI Hg 
5 14.241 
4 
S 3 
a. 
o. 2 
1 
0-M 
SAMPLE 30 
4.07 422 
a I R I 
1.22 1.031.09 
0.66 
0.11 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
i 4 
•^ 3 
2 
1 
8 
7 
6 
5-J4.021 
SAMPLE 31 
7.14 7.23 
SAMPLE 32 
1.421 1.811 
M. 
1.82 
J l 
o. 0. 2 
"2.214 
1.041 14 0.99 
n n n "•!' 
1 -
3.71 3.94 
0.863 
1.324 
a a y p i 
1.59 
0.99 1.19 0.61 0.63 
MM. 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig: 105 Bar Diagrams 
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POST MONSOON(WATER) 
SAMPLE 33 
Q. 2 
3.97 
272 
1.613 1635 
0527 
1.96 1.97 
0.97 
it 0.85 0.54 JlJl 
Fe Cu Pb Zn Cd Cr Co Mn Nl Hg 
4 
3 
f 2 4.526 
1 ^ 
0 
SAMPLE 34 
3.64 
1.9562-11 
V 
0.101 
3.21 3.47 
f\ 1.04 t 
1 0.21 0.03 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 35 SAMPLE 36 
3.5-. 
3 -
2.5 
2 2 -
8: 1.5 
3.09 
1.464 
0.842 
0.5 f 173 n I 
0 I a , u , U , 
2.84 2.76 
1.99 
4.709 4.74 
1.18 1-27 
013 
8: 
3 -
2 
1 -
2.874 2.97 
0.721 
1.22 
iaJiLi 
3.36 
7 
1.06 I 
i 0.21 
0.82 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 37 
4 i^-^IS 
3.5 
3 
2.5-1 
I 2 
'^ 1.5 
1 
0 5 
0 
3.11 3.113.01 
1.675 
0.721 0.96 
nJl. 
1.14 
1 0.59 
0.84 
nfl. 
SAMPLE 38 
6 
5-\ 
4 
a. 3 
CL 
2 -I 
-5.241 
1.42 n 
2.14 2.03 
1.242 1'*'^ " 1.16 n 
„ 0.693 ra i — A 
1.47 
0.81 0.85 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 39 SAMPLE 40 
6 
5 
4 
1 3 
a. 
2 
1 
0 
5.662 4-3.611 
3.5 
3 
25 
2-19 204 1.97 
1.384 
' * ' * 0 « n n 099 1-22 
n 0 .741" -^ .. _ , ,-, 
I 2 
»• 1.5 
1 
0.5-1 It 
0 
3.11 
z 
1.196 
n 0,7250.56 I 
1.981.94 
3 1.12 
2.16 
I 0.11 p 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig: 106 Bar Diagrams 
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POST MONSOON(WATER) 
14 
12 
10 
E 8 
8: 6^ 
4 
2 
r.162 
SAMPLE 41 
13.16 
417 
2.997 
3^ 
4.87 3.95 
0.02 019 
1 14 
Fe Cu Pb 2n Cd Cr Co Mn Ni Hg 
SAMPLE 42 
3.5 
3 
2.5 
2 
fc 1.5 ^ 
1 
0.5 
04-1 
2.246 
V42g 
0.3770.31 
n.g, 
3.04 
1-22 I 
m 'i 
2.48 
•X 
i 
1.11 
D 0.74 
1 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 43 
W.218 
a. 
a. 2 
1 
2.81 
1.97 
iflJJ. 0.17 0.41 0.32 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
SAMPLE 44 
6-5.132 
5 -
4 -
l 3 
2 
1 
2.247 
0.769 
JL 
2.72 
1.94 r 
5 1.17 1.04 - . . 0.84 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
8 
7 
6-
ll 
" • 3 
2 
1 • 
"6.842 
SAMPLE 45 
5.49 
3.963 
2.34 
1.247 I 
4 l 
3.5 
3 
2.5 j 
t 2-
1.65 
0.19°-^^ 0.060.13 P 
1.5 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
0.5 
0 
SAMPLE 46 
3.463.34 
1.096 
lf624no.513| I 
P.n n. l 
Fe Cu Pb Zn Cd Cr Co Mn Ni Hg 
Fig: 107 Bar Diagrams 
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PRE MONSOON(SOIL) 
10 1 
8 
S 6 
0. 
a. 4 
2 
0 
SAMPLE 1 
8.17 
2.99 
2.082 _ 
0.408 
4.427 
3.463 
1.217 
X L 
Fe Cu Mn Zn Co Cr Ni 
10 
8 H 
CL 
ft- 4 
SAMPLE 2 
6.203 
2,126 2.741 
0.624 
4.509 
i l l 2.969 § 1.194 n 
Fe Cu Mn Zn Co Cr Ni 
10 1 
8 
6 
SAMPLE 3 
8.741 
SAMPLE 4 
a. 
a. 4 
4.192 
2 - 1'427 Qgg^ 
n n 
2.463 
a 2 
a. 
0.896 
2.012 
3.336 
2.386 
0.975 
.=t 
2.582 
2.054 
0.246 
0.865 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
SAMPLE 5 
5 i 
4 
5 3 
a. 2 
1 
0 
4.281 
1.816 
2 284 
0.436 
, n , 
1.93 
0.146 
1.092 
10 1 
8 
o- 4 
SAMPLE 6 
7.672 
4.192 
1.729 
3.461 
OS 
i 0.166 0.221 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
SAMPLE 7 SAMPLE 8 
8 -i 
7 
6 
^ 3 ^ 
2 
1 
0 
6.673 
2.511 2.681 
1.763 n-n 
J l 0.919 0.868 Q5Q1 n n r-1 
7 
6 
5 ^ 
S 4 
8:3 
2 
1 
6.381 
2.316 2.204 
1.281 
# 0 ^ 0.687 0.425 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
Fig:108 Bar Diagrams 
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PRE MON$OON(SOIL) 
20 
15 ^ 
1 10 
OL 
5 
0 
SAMPLE 9 
14.464 
3.236 2 386 2.694 
D,n n, r-
2.707 4.046 
n, Fl,°. 274 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 10 
13.275 
Cu Mn 2n Co 
10 1 
8 
2 6 
Q. 
o- 4 
2 
0 
SAMPLE 11 
7.721 
3.047 
„ 2.^1 2.317 
JELR 
3.462 
2,234 m 
K 0.219 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 12 
10 
8 
a. 
o- 4 
6-
2 -
7.884 
r53 
4.071 
ra 2.473 2.743 
M 
3.514 
1.678 m 
i 1————r 
0.974 
Fe Cu Mn Zn Co Cr NI 
10 
8 
5 6^ 
a. 
o- 4 
2 -
0 
SAMPLE 13 
8.197 
4508 
3.108 
1.815 a 
3.627 
1.417 0.775 
Fe Cu Mn Zn Co Cr Ni 
10 
8 
a. 
o- 4 
6.249 
SAMPLE 14 
8.636 
4.727 
1.667 
-a. 
3.604 
1.107 
, in, 
0.752 
m 
T " * * * 1 
Fe Cu Mn Zn Co Cr Ni 
10 
8 
S 6^ 
a. 
«^  4 
2 
0 
SAMPLE 15 
8.727 
SAMPLE 16 
0.494 0.363 ^ "^^^ 
I—I , r—I , tv l , 
1.7 
0.48 r-i 0.417 
•-^ 1-^ •—• 
7n 
6 
5 -I 
Z 4 
& 3 H 
2 
1 
0 
6.276 
4.773 
0.637 
, (3 , 
3.821 4.281 
0.439 0.161 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr NI 
Fig: 109 Bar Diagrams 
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PRE MONSOON(SOIL) 
14 
12-
10-
2 8 -
g: 6-
4 
2 
0-
SAMPLE 17 
12.272 
0.971 
jr3_ 
1.582 ^ ^ 
j=Ln_. T 1 
4.403 
1.065 0274 
Fe Cu Mn Zn Co Cr NJ 
6 
5 
4 
1 3 
a. 
2 
1 -I 
SAMPLE 18 
4.852 
3.236 
i 
si 
1.984 
1 213 
ll 
4.287 
1.66 
0.217 
Fe Cu Mn Zn Co Cr Ni 
7 
6 
5 
2 4-1 
S:3 
2 -
1 -
SAMPLE 19 
6.478 
3.271 
1.917 
0 1.042 
-ML 
4.406 
1.487 
^ 0.204 
Fe Cu Mn Zn Co Cr Ni 
10 n 
8 
S 6 
Q. 
«»• 4 
2 -I 
SAMPLE 20 
8.636 
3.514 
0.971 0.906 
, • , ED , 
I 
5.159 
m 
0.972 
J2L 0.251 
Fe Cu Mn Zn Co Cr Ni 
12 
10 
8 
I 6^  
0. 
4-1 
2 
0 
SAMPLE 21 
10909 
3625 
^ 0.834 0.138 
6924 
0.606 0.274 
Fe Cu Mn Zn Co Cr Ni 
10 
8-1 
2 ° 
a. 0. 4 
SAMPLE 22 
7.673 
3.961 
0.724 0.624 
r^* 
4.571 
1.061 
, 13 
0.634 
Fe Cu Mn Zn Co Cr Ni 
7 
6 
5 -
2 4 -
8:3 
2 
1 
SAMPLE 23 
5.769 
SAMPLE 24 
4.071 
0.203 0 
i . 
3.109 
1.976 
EL 0.917 
Fe Cu Mn Zn Co Cr NI 
6 
5 
4 
i3 
a. 2 
1 
0 
4.872 
3901 
2.504 
1.216 
J l 0.408 
0.853 
Fe Cu Mn Zn Co Cr Ni 
1.992 
Fig: 110 Bar Diagrams 
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PRE MONSOON(SOIL) 
8 
6 
IA 
a. 
SAMPLE 25 
6.909 
4.506 
^ i f 2.694 
6.392 
2.661 
0.824 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 26 
7 i 
6 
5 
S 4 
8:3 
2 -
1 -
0 
6.437 
3.872 
l—l 3.011 
4.167 
2.514 
J * 
2.665 
m 
1: 
m 
0.711 
J3_ 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 27 SAMPLE 28 
5-1 
4 -
2 ' - i -
a 
0. 2 ^ 
1 -1 
n^  
4.078 
3.411 
_ 2966 
' 
_^  
-.-
2 22 
t\ 
• -
4 
-
r" 
J? 
-'-
4 
2 .23 
r 
-
;» 
14 
.54 
'-; 
^ 
.3 
T7 
\7 
0.563 
n 
S 3 
0. 0. 2 
1 
4.692 
3294 
r r i 2.767 2.694 t ^ T 2.549 
3.09 
0.563 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
SAMPLE 29 
5 n 
4 
a. 
CL 2 
1 -I 
0 
4117 
3018 3.157 
2.215 2516 
2.581 
0.549 
XL. 
Fe Cu Mn Zn Co Cr Ni 
10-| 
8 -
2 6 
0. O. 4 
2 
0 
SAMPLE 30 
8.16 
2.871 2 918 
0.500 
'1' 3.617 
0.517 
Fe Cu Mn Zn Co Cr Ni 
10-1 
8 
2 6^ 
0. 
Q. 4 
SAMPLE 31 
8.211 
2.426 2.681 
:iELD^uJXEl...ii 
Fe Cu Mn Zn Co Cr Ni 
4.409 
n 2.973 
1.84 
10 
8 
2 6 
ft- 4 
1.597 
SAMPLE 32 
8.732 
0.964 0.987 
oJ_Q-^ CZ] , E 
4.117 3.547 
1.11 
Fe Cu Mn Zn Co Cr NI 
Fig: 111 Bar Diagrams 
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PRE MONSOON(SOIL) 
10 
8 
5 6 
a. 
o- 4 
2 
0 
SAMPLE 33 
8.15 
^ ^ ^ 1.941 
572 
3.99 
2.723 
1.416 
JiL 
Fe Cu Mn Zn Co Cr Ni 
10 
8 
6 
8: 
10 
8 
S 6 
a. 
0- 4 
2 
0 
SAMPLE 35 
7.973 
2.841 2.784 
flS 0.628 
4.107 
3.416 
0.865 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 34 
8.006 
4-12.752 2.771 
2 ^1 I f 0.597 
3.817 3.117 
0.981 
J2L 
Fe Cu Mn Zn Co Cr Ni 
12 1 
10 
8 
f 6 
a. 
4 
SAMPLE 36 
10.271 
2.421 2.851 
BJ. 0.664 
|1 
i 
4.123 
3.074 
Fe Cu Mn Zn Co Cr Ni 
14 
12 
10 
S 8 
i : 6 
4 
2-1 
0 
2.981 
SAMPLE 37 
12.214 
2.352 1.961 - 2.414 
Fl n n 
3.167 
0.297 
Fe Cu Mn Zn Co Cr Ni 
7 
6 
5 
S 4 
8:3 
2 
1 
0 
SAMPLE 38 
5.759 
3962 
Jt 0.207 0.059 
f 
3 ^ 
1.966 
3.109 
f l 0.917 
_1L 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 39 
7 
6-1 
5 
S 4-1 
8:3 
2 
1 
5.769 5.923 
4.376 
3301 
0.151 
1.739 
E 0.634 
Fe Cu Mn Zn Co Cr Ni 
7 
6 
5 
£ 4 
8:3 
2 
1 
0 
SAMPLE 40 
6.412 
H 
3.272 
0.974 1.041 
n m 
4506 
1.847 
0.204 
Fe Cu Mn Zn Co Cr Ni 
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PRE MONSOON(SOIL) 
10 
8 
S 6 
o. 
o. 4 -
2 -
SAMPLE 41 
8.366 
3.554 
0.818 0.905 
5.169 
0.971 
, m 
0.271 
Fe Cu Mn Zn Co Cr Ni 
12 
10 
8 
I « 
4 
3.618 
I^ 
SAMPLE 42 
9.901 
•y 
1 
5 0.712 0.481 
6.925 
4 
0.662 i 0.274 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 43 
1U -
8 • 
S 6 -
a. 
Q. 4 -
2 -
0 
7 
3.874 
'^ 
1.884 
63 
• p -
-
7 
4 
1.023 
n 
56 
i 
1 
0.631 
, C3 
7 
6^ 
5 
S 4 
8:3^ 
2 -
1 -
4.007 
SAMPLE 44 
5.768 
P 
3.221 
rm 2.405 I 3.106 1.972 
0.872 
Fe Cu Mn Zn Co Cr NI Fe Cu Mn Zn Co Cr Ni 
SAMPLE 45 
8 -] 
7 -
6 -
2 
1 • 
0 -
6 
3 9S 
1. 
_' 
12 
3 .01 
— 
-
^ 2,514 
i -
--
90 
„ 
~ 
4 
1 
2.67 
is-
- 7 
6.382 
1 
-
^ 
~ 
0.881 
n 
SAMPLE 46 
Fe Cu Mn Zn Co Cr Ni 
8 -1 
7 • 
6 
1^ 4] 
2 
1 -
0 -
7.414 
' ^ 0.885 
H , ra, 
5.9 
4 
s 
5 
i 
2.271 
0.817 P | 1016 
tsm i^ti trr i r a i l^n r-^ 
Fe Cu Mn Zn Co Cr Ni 
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POST MONSOON(SOIL) 
10 
8 
6 
4 
2 
0 
SAMPLE 1 
8.071 
1.923 2.334 
PI. n °±\ 
3.273 2.746 
1.016 
Fe Cu Mn 2n Co Cr Ni 
SAMPLE 2 
5 
S 4 
8:3 
2 
1 
6.114 
-^  
:& 
2.071 
2.731 
i 0.511 
3.905 
1.987 
1.47 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 3 
7 
6^ 
5 
s 4 ^ 
8:3 
2 
1 -I 
4.009 
6.134 
0.974 0.662 
\3 , rm 
1.674 1.966 
0.772 
3.5 
3 
2.5 
S 2 
8: 1.5 
1 
SAMPLE 4 
3.221 
0.771 
0.5- 13 0.061 
2.016 
1.362 
0.119 
0.453 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
2.5 
2-1 
5 15 
o- 1 -
0.5-
0 
SAMPLE 5 
2.173 
SAMPLE 6 
2.179 
0917 
0.219 
- T — 1 
^. 
1.342 
0.107 t 
0974 
6-1 
5 -
4 
1 3 
2 
1 
0 
5.371 
4091 
1,516 
0.105 p] I 
1.982 
1.47 __ 
0.116 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr NI 
SAMPLE 7 SAMPLE 8 
5 -
4 -
5 3 
a. 0. 2-
1 
0 
.4.632 
1.314 
2.284 
1.741 r - i 
i^ 
0.771 0.432 0.472 
rn m rn 
5 
4 
0. 
0. 2 -
1 -
4174 
# 
^ 
1.972 
1-1 1417 
2.201 
0.694 0.4 0.41 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
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POST MONSOON(SOIL) 
14 
12 ^ 
10 
S 8 
8: 6 
4 
2 
0 
SAMPLE 9 
13.271 
2.316 2145 1674 
3.172 
1 702 n 
, n . R °^ 
Fe Cu Mn 2n Co Cr Ni 
SAMPLE 10 
10.168 
^ 
M 
3.218 
1.312 
0.248 
-1—••" •—r-
Fe Cu Mn Zn Co Cr Ni 
a. 
Q. 2 
SAMPLE 11 
4.734 
1 
3.171 
2.057 
1.091 
JU 
2.163 
1.124 
KM 0.198 
Fe Cu Mn Zn Co Cr Ni 
S-, 
4 
S 3 
8:2H 
1 
SAMPLE 12 
4.702 
3.018 
2.315 
1.613 
0 m 
2.271 
1.416 
0.724 
Fe Cu Mn Zn Co Cr Ni 
7 
6-
5 
E 4 
8:3 
2 
1 
0 
SAMPLE 13 
5871 
4.157 
3.106 
1.611 
J l 
2.901 
1216 
0.498 
T 1 
Fe Cu Mn Zn Co Cr Ni 
8 
7 -I 
" ^ 3 
2 -
1 
0 
5.274 
3 
SAMPLE 14 
6.927 
1 
1 
3.117 
1.123 h * 
XL 
1.006 
2.21 
H 0.416 
Fe Cu Mn Zn Co Cr Ni 
7 
6 
5 
S 4 
8:3 
2 
1 
SAMPLE 15 
6.272 
0.316 0.147 0.61 
1.124 
id "^ m 0.397 
6 
5 
4 
l 3 
a. 
2 
1 
0 
5.118 
SAMPLE 16 
3.167 
ra 2.497 
0.436 
3.741 
0.218 0.106 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
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POST MONSOON(SOIL) 
12 
10 ^ 
8 
i 6 
Q. 
4 ^ 
^0.772 
SAMPLE 17 
9.816 
1.447 2.156 
n n 
3.809 
1.034 
, n , 
0.217 
Fe Cu Mn Zn Co Cr Ni 
6n 
5 
4-1 
0. 3 
a. 
2 
1 
3163 
SAMPLE 18 
4.771 
1.846 
1.197 r^ i i 
3.714 
1.11 
0.117 
Fe Cu Mn Zn Co Cr Ni 
6-
5 
4 
f 3 
2 
1 H 
SAMPLE 19 
5.314 
3.172 
1.81 
I 0.941 J3_ 
4006 
1.241 
:: 0.109 
Fe Cu Mn Zn Co Cr Ni 
7 
6 
54 
fc 3^2-481 
2 
1 
0 
SAMPLE 20 
6.52 
S? 
0.621 0.877 
• , l!l, Id 
5.078 
i 0.' 781 
M 
0.148 
Fe Cu Mn Zn Co Cr Ni 
10 T 
8 
6 
SAMPLE 21 
8 21 
a. 
'>- 4 2.433 
R 0831 0.104 
6.192 
0.412 
8 
6 
f 4 
O L 
2-1 
..1 0.251 
3.044 
SAMPLE 22 
7.104 
i 
rsx 
0372 0.313 
3.496 
0.971 11 
n 0.514 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
6 
5-1 
4 
1 3 
2 ^ 
1 
SAMPLE 23 
5.011 
SAMPLE 24 
4.002 
0.103 0 
2.106 
0.884 J 0.727 
n JH 
5 
4 
0. 
0. 2 
1 
0 
3.814 
2 C 7 f 2.361 2.461 1.721 m 
0.241 
0.812 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr NI 
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POST MONSOON(SOIL) 
SAMPLE 25 
fi-] 
5 -
4-1 
i s -0. 2 -
1 -
0 -
5.348 
4.809 ^ 
4.117 
4-
~ 
" • 
3 11 
# 
T 
6 
2.157 
.¥, 
i 
^ 
» 
2.51 
^ i 
h I 
-jr 
1 0804 m 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 26 
s ^ 
Q. 
1 
4.443 
2.961 3142 3.121 
J 
2.231 
m. 
2.341 
0.701 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 27 SAMPLE 28 
5 
4H 
3 S 
a. 
o. 2 
1 
0 
3 
2.114 2.172 2119 
. 
~ 
-'^ ' 
14 
rr" 
.^ 
^ 
4.168 
7 
2172 
m 
•rr 
^ 
1 
-r~ 
i.23 
I 
^i 
y 
S: 
4.571 
Fe Cu Mn Zn Co Cr Ni 
2.871 2.541 
3.006 
1.981 X 1.987 
0.37 
CD 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 29 
o -
4 -
s ^-
a. 
a 2 -
1 -
n-
3929 
2.972 3.002 
JL 
—-
2217 
1,31 
Fl i j ~ 
n 
^ 
^ t -
1.74 
± 
^ 
-^ ' 
„ 
f 
0.51 
n 
7-| 
6 -
5 
S 4 
8:3 
2 
1 
0 
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6.14 
2074 2.331 
3.921 
0 207 
1.984 
0.992 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
SAMPLE 31 SAMPLE 32 
7-1 
6-
5 H 
? 4J 
8:3^ 
2 -
1 -
0 -
61 
2.016 2167 
H 0.462 
n 
r-
1 
iS 
3307 
a 
s. 
1.536 
n°n 
8 
6-1 
2 
4.006 
1.341 
J2_ 
0.594 a673 
2.105 
Fe Cu Mn Zn Co Cr Ni 
Wi 0.874 
Fe Cu .Mn Zn Co Cr Ni 
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POST MONSOON(SOIL) 
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1 4 
a. 
2 
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7.209 
2.461 
0.987 „ , , „ 
—, 0.418 
. • , 1=1 , 
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•
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. • . 
Fe Cu Mn 2n Co Cr Ni 
7 i 
6 
5 
S 4-1 
8:3 
2-1 
1 
0 
SAMPLE 35 
6.471 
2.184 
i 
2.617 
0.S38 
4.002 
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0.604 
Fe Cu Mn Zn Co Cr Ni 
10 
8 
6-1 S 
o. 
O- 4 
SAMPLE 34 
7.99 
i 
2.172 
1.478 
p n 0.417 
2.713 2.712 
0.671 
Fe Cu Mn Zn Co Cr Ni 
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S 6 
Q. 
*»• 4 
2 
0 
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8.217 
2 234 2.461 
JUL 0.661 
4.019 
m 2.963 
1.056 
n 
Fe Cu Mn Zn Co Cr Ni 
SAMPLE 37 
11.987 
0.207 
Fe Cu Mn Zn Co Cr Ni 
5 
4 
3.062 
3 - m 
2 -
1 -
0 
SAMPLE 38 
4.739 
0.109 0.031 
I 
3.04 
1.676 
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Fe Cu Mn Zn Co Cr Ni 
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°1 
5-
4-
a. 3 
2-
1 -
0 -
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3 06 
-
7 
2.198 2.16 
0142 -
— 
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n 
„ 
— 0.434 
, 1 ^ , 
5 
4H 
a. 
a. 2 
SAMPLE 40 
4.573 
3127 
0.916 1011 i 
3.271 
1 
1.271 
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Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
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SAMPLE 41 
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3.441 
Fe 
0.721 0.704 
Cu Mn Zn 
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0.872 
• 
Co Cr 
0217 
Ni 
10 
8 
S 6 
OL 
0^ 4 
2 
0 
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9.005 
2.718 i 
Fe 
0 432 0.327 
Cu Mn Zn Co Cr 
6.167 
0.469 0194 
Ni 
6 
5 
4 
1 3 
2 -I 
1 
SAMPLE 43 
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SAMPLE 44 
2189 
0.981 
0.417 
3.216 
0961 
m 0434 
5 
4 
S 3 
8:2 
1 
4.167 
3.167 
2.116 1.962 
1 
3.008 
0.866 
J!L 
0.763 
PI 
Fe Cu Mn Zn Co Cr NI Fe Cu Mn Zn Co Cr NI 
8 l 
\ 
6 
l 4 0. 
SAMPLE 45 
6841 
2.816 2.617 2.416 
J I ^ 
* 
5901 
1.972 
0.763 
, EH , 
7 
6 
5 
S 4 
8:3 
2 
1 
SAMPLE 46 
6.442 
2.164 
1.006 0937 
P El « 
1.972 
0.643 0.961 
Fe Cu Mn Zn Co Cr Ni Fe Cu Mn Zn Co Cr Ni 
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